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INTRODUCTION

AB part of the work of an expedition aboard "Atlantis" in 1937,
jointly sponsored by the Woods Hole Oceanographic Institution and
the Bingham Oceanographic Foundation, and with equipment con
tributed by the Sears Foundation for Marine Research, a series of
benthonic and pelagic trawlings was made in the northern Gulf of
Mexico. Some systematic and ecological results of a study of the con
tinental Penaeidae so obtained (exclusive of larval and post-larval
forms) are offered in the present paper. A certain amount of material
not derived from the 1937 expedition but needed for systematic or
other comparisons is also included in the report.
The benthonic material obtained by the 1937 expedition was taken
in two series of hauls with otter trawl and Blake dredge generally in
combination with a one-foot stramin ring-net. The first series com
prised 21 hauls beginning with St. 2812, 30° 08' N, 88° 10' W, March
20, and progressing in zig-zags southwestward to St. 2843, 27 ° 57' N,
91° 43' W, March 26. The second series comprised 14 hauls numbered
as substations of St. 2853, made on April 9 and 10 within a quadrant
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approximately bounded by radii extending thirty miles southeast and
northeast of the Pass a Loutre sea-buoy. Eight hauls altogether were
made between 10 and 20 fathoms; eight between 21 and 40, thirteen
between 41 and 70; and one at 100 fathoms. Of these thirty hauls,
only two (one in 17, the other in 60-70 fathoms) failed to yield any
peneids; the one at 100 fathoms yielded Solenocera vioscai and Parapen
aeus only; in all but one of the twenty-seven remaining hauls one or
two of three species of Penaeus were present, usually together with
representatives of several other genera. Five hauls were also made
between 130 and 500 fathoms, but these are not considered in detail in
the present report; since although three of the hauls yielded peneids
these are of species (Benthesicymus bartletti, Plesiopenaeus edwardsianus,
Hymenopenaeus robustus, H. debilis) not found on the continental
shelf. Three hauls on bottom at depths between 96 and 180 fathoms
made in the northern Gulf during the 1935 expedition on "Atlantis"
gave similar results in that of the peneids taken (Hymenopenaeus debilis
H. robustus, Solenocera necopina, Penaeopsis megalops, Parapenaeus
longirostris) only the last mentioned is known to occur in continental
depths.
Bottom samples were procured by means of a small snapper at the
stations of the second series; detailed examination of these samples has
not yet been undertaken, but as might be expected the material col
lected consisted in all cases of a fine clayey deposit slightly variable in
consistency and color but without any considerable proportion of
coarse sand or shell. A number of trawls were lost in the course of the
investigation, mostly toward or beyond the outer limits of the shelf,
and it is possible that rough bottom of rock, shell or coral may have
been present in some of these areas. Between 65 and 130 fathoms the
trawlings frequently yielded enormous numbers of living heart-ur
chins, often little else. It may be observed that the area of trawling
was more or less concentrated in the zone of high phytoplankton pro
ductivity described by Riley, 1937; p. 60; and that it lay entirely within
the limits of greatest influence of the Mississippi.
It may be of interest to note that the deep-water catches of Penaeus
gave off a powerful odor of iodoform such as characterizes the com
mercial catches of this genus from shallower depths with relatively
much lesser frequency and intensity.
The maximum and minimum bottom temperatures and salinities in
the areas of trawling (either obtained directly at the end of the haul or
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estimated from nearby hydrographic stations) were as follows: 10-20
fathoms, 19.2-20.7 ° C., 35.52-36.15 °/oo; 21-40 fathoms, 16.2-20.3° C.
36.01-36.34 °/oo; 41-70 fathoms, 16.2-18.2 °0., 36.07-36.33 °/00; 100
fatho:rp.s, 12.2-14.8 ° 0., 35.91-36.08 °00/; 125-175 fathoms, 11.6-13.1 ° 0.,
35.44-36.04°/oo• The surface temperatures at the various trawling
stations ranged between 15.8 and21.9 ° C., the surface salinities between
04.29 and 36.10 °/oo (mostly between 27.00 and 32.00 °/oo). Surface
temperatures below 18° C. were almost never found at salinities above
30 °/00, although at salinities below this value temperatures as high as
19.8° C. (as well as the lowest ones encountered) were recorded. To
summarize the hydrographic observations, bottom temperatures di
minish with depth; salinities increase with depth to ca. 70 fathoms
and diminish thereafter, the inner limit of bottom salinity usually
36.00°/oo lying between 10 and 20 fathoms (or possibly a little deeper;
vide Parr, 1935, p. 14), and the outer limit between 70 and 100 fathoms.
Surface temperatures range only to 0.4 ° C. below and to 1.6 ° C. above
the extremes to be found in 21-40 fathoms on bottom; surface salinities
on the other hand are frequently far below any recorded from bottom;
and consequently it would seem that shortly after the commencement
of vernal warming, the bottom water at depths of less than 15 fathoms
differs from that at moderately greater depths much more sharply in
salinity than in temperature. Before the commencement of vernal
warming, however, the bottom water at the shallowest depths might
be expected to be colder than that at somewhat deeper levels. As
pointed out by Professor Parr (in a personal communication) the
freshening influence of the Mississippi outflow on the bottom waters
may be expected to be relatively greater during the colder than in the
warmer months.
The horizontal distribution of Penaeidae within the limits of in
vestigation may be summarized as follows:
Five species (Solenocera atlantidis, Penaeus duorarum, Trachypeneus
constrictus, Eusicyonia brevirostris, E. stimpsoni) of the nine taken at
the three most easterly stations were absent from the twenty-one
stations made around the mouth of the Mississippi between 88 ° 06' W.
and 89 ° 56' W.; although the eastern stations were not particularly
distinguished as regards temperature and salinity. Two of these five
species (Solenocera atlantidis and Eusicyonia brevirostris) reappeared
among catches from the six stations west of 89 ° 56' W.; a third (Trachy
penaeus constrictus) has been recorded by Burkenroad, 1934a, p. 102,
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from off Timbalier Bay (also, however, from directly off Pass a Loutre,
though it is certainly infrequent here); a fourth (P. duorarum) finally
is known from Vera Cruz (there being no critical records available for
the enormous interval between Timbalier and Vera Cruz). Of the
six species (Solenocera vioscai, Penaeus setiferus, Penaeus aztecus,
Parapenaeus longirostris, Trachypeneus similis, Xiphopeneus kroyeri)
taken at the stations between 88° 06' W. and 89° 56' W., it seems likely
that several (particularly P. setiferus and P. aztecus) disappear from
the Gulf of Mexico not far east of the region of investigation, perhaps
in correlation with the diminishing influence of the Mississippi outflow
(cf. Parr, 1935, fig.10); the information available as to the northeastern
Gulf is, however, extremely meager. To the west, critical records of
P. setiferus and P. aztecus are available from Vera Cruz, so that the
Gulf ranges of these species-like the influence of the great River
may perhaps extend much farther to west than to east of their pre
sumed center of abundance in Louisiana.
The bathymetric distribution of the five species most abundant
within the limits of investigation may be summarized as follows:
Solenocera vioscai was taken at 20 to 100 fathoms, in fourteen of the
twenty-five hauls made between these limits; most frequently both as
to individuals per fruitful catch and as to catches per total number of
hauls within the given depth range at 20-40 fathoms. Mean frequency
per fruitful catch about 11.
Penaeus setiferus was taken at 10 to 40 fathoms in seven of sixteen
hauls between these limits, most frequently at 10-20 fathoms [this
species ranges far inland into nearly fresh water only a few inches
deep]. Mean frequency per catch about 130.
Penaeus aztecus was taken at 10 to 70 fathoms, in twenty-two of
twenty-nine hauls between these limits. The species was taken most
frequently as to individuals per catch in the shallower part of the area
investigated, most frequently as to catches per total number of hauls
in the deeper part, so that its abundance may evidently be said to be
maintained nearly out to its deeper limit [this species ranges far inland
into nearly fresh water only a few inches deep]. Mean frequency per
catch about 11.5.
Parapenaeus longirostris was taken at 18 to 150 fathoms, in seven
teen of twenty-seven hauls [including three made in 1935] made be
tween these limits; most frequently at 30-70 fathoms. Mean fre
quency per catch about 96.
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Trachypeneus similis was taken at 12 to 48 fathoms, i n eleven of
eighteen hauls bet ween these limits, most frequently as to individuals
per catch at 12-20 fathoms, most frequently as to catches per total
number of efforts at 41-48 fathoms. Mean frequency per catch about
4.5.
SOLENOCERA Lucas
Prior to 1934, only one distinctively American form, Soumocera agassiz ii
Faxon, was included among the fifteen species of the genus known until then.
Consequently the discovery during the past three years that no less than six
species of the genus occur in (and are limited to) America is a most unexpected
and even disconcerting development. The American species form a rather
homogeneous group distinguished as a whole from the other species with a
pterygostomian spine (as far as is known) in the possession of a pair of strong,
well-separated tooth-like projections on the anterior part of the fourteenth
sternite of the females.
The other species with pterygostomian spine are the following: The Eastern
Atlantic S. membranacea (Risso) [of which S. distincta DeHaan proves to be a
specimen erroneously attributed to "Japon"] and the subspecifically distinct
S. m. africanus Stebbing [an examination of the male type of which reveals that
Stebbing's figure (suggested by Burkenroad, 1934a, p. 71, to be "either incorrect
or represents a species other than the described female") is incorrect]; in which
the anterior part of the cervical sulcus is bent posteroventrally without a recurved termination, and the lateral lobule of the distolateral lobe of the petasma
is represented only by a minute vestige. The species, to be named in a future
paper, represented by the female specimen from the Zanzibar area confused by
Ramadan, 1938, p. 57, with what he terms" S. rathbuni" [ = S. lucasii Rathbun
(not Bate) a form lacking pterygostomian spine]; Ramadan's specimen (as dis
tinguished from his figure) closely resembles S. membranacea but lacks a welldefined notch in the cervical carina and has a thelycum more like that of S. novae
zealandiae. S. comatus Stebbing, the type of which lacks the genital sternites but
which is extremely similar to the type of S. novae-zealandiae Borradaile (an adult
female, not a juvenile male as erroneously believed by its author); in both of
these the anterior part of the cervical sulcus curves forward as in the American
species; but of the five rostral teeth three lie well in advance of the orbital margin and the anterior of the postorbital teeth is very widely separated from the
epigastric.
In all of the species with pterygostomian spine of which the petasma has been
examined (that is, in five of the American forms and in S. membranacea), the
cincinnulated margin of this organ terminates far proximal to the distolateral
lobe. It is therefore of considerable interest that in all members of the genus
without pterygostomian spine, of which the petasma is known [comprising S.
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melantho DeMan, S. koelbeli DeMan, S. crassicornis (H. M. E.) (and S. sinensis
Yu), S. hextii W. M., S. steindachneri (Balss) [a peculiar species resembling S.
hextii in most characters but with antennular flagella evidently like those of S.
annectans Alcock; decidedly not a" Haliporus"], S. pectinatus (Bate) and what
is evidently to be termed S. rathbuni Ramadan], the cincinnulated median

margin of the organ reaches as high or nearly as high as does the distolateral lobe.
Solenocera necopina n. sp.
MATERIAL:
1 9. B.. o. C. 225. HoLOTYPE.
1935. Trawl, 125 fathoms.

Figures 1, 2, 3, 4.
"Atlantis" St. 2377; N. 29° 16', w. 87° 54'; March 24,

Subadult. Carapace length 8.8 mm., rostrum, 2.8 mm.; telson, 4. 7 mm.; total
length about 34 mm.
DIAGNOSIS: Pterygostomian spine present, its margin joining that of the
carapace dorsal to it by a gentle curve. Orbital.angle marked but not acute or
produced. Rostrum reaching a very little beyond the eyes; moderately slender;
with a lower margin distinctly convex although tapering rather gently to the
acute and slender tip; with a well-defined lateral ridge; armed above with six
teeth of which two lie behind, one above the orbital margin. Distal rostral
tooth a little farther from the rostral tip than from the antepenultimate tooth;
posteriormost tooth four-fifths as far from the end of the postrostral carina as
from the orbital margin and a little less than twice as far from the second tooth
as this from the third. Postrostral carina not continued behind the level of the
cervical sulcus. First through third pleonic terga uncarinated. Telson short,
the length of its distal part beyond the large lateral spines not as great as the
distance from tip of telson to tip of uropodal endopod. Antennular flagella
moderately long, slender, a little more than twice as long as the carapace (minus
the rostrum), at least thirty times as long as broad, with inferior flagellum about
one-third broader than superior; ending in long slender tips, which in the case of
the superior flagellum is about twice as long as in the inferior and about an
eighth as long as the broad proximal part of the flagellum. Basal segment of
antennular peduncle short; stylocerite as long as from its tip to the middle of the
externodistal spine of the segment. Antenna! scale relatively very long, extend
ing beyond the antennular peduncle by about one-fifth its own length. Greatest
breadth of the distal segment of the mandibular palp very little less than the
length of the segment preceding it. Third maxillipede extends beyond antennal
scale by about one-half its propodus. Carpus of third leg considerably longer
than the more proximal joints together; third leg extends beyond antenna! scale
to about one-fifth of its carpus. Coxa of the fifth leg with a strong tooth on its
anteromedian margin; coxa of the fourth leg only very little produced medially.
Epipodites not bifurcated, the inferior ramus being indicated only by the nar-
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Solenocera necopina, n. sp. 1. Carapace and cephalic appendages: 9 of car. 8.8 mm. (HOLOTYPE), X 5.5. 2. Pleon with uropods; as
1, X 5.5. 3. Superior antennular flagellum (distal part); as 1, X 12. 4. Thelycum; as 1, X 12. Length of 1 mm. indicated at each drawing.
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rowing of the blade beyond the point where the bifurcation originates in some
species of the genus.
The teeth of the pair on the anterior part of the fourteenth sternite are long
and slender and directed about vertically; their length is conspicuously greater
than the interval separating them. The anterior part of the thirteenth sternite
bears a high sharp ridge terminating abruptly just behind the posterior margin
of the twelfth sternite.
According to notes on the freshly-captured specimen (Burkenroad, 1936a,
p. 123) the color is pale orange-red over-all, without conspicuous banding.
REMARKS: S. necopina is known only from a single specimen taken at the edge
of the continental shelf in the northern Gulf of Mexico, which was erroneously
described by Burkenroad, 1936, p. 122, as a young individual of S. vioscai Bur
kenroad. Examination of the series of juveniles of S. vioscai recently captured
in the Gulf of Mexico and reported in a subsequent paragraph indicates that
critical characters of this species are unchanged at sizes much smaller than that
of S. necopina. In particular, the minimum number of rostral teeth in S.
vioscai of all sizes is eight; and except in the youngest post-mysis instars, of
carapace length less than 3 mm., the orbital angle is produced and tooth-like;
the post-rostral carina is clearly continued nearly to the posterior margin of the
carapace; the posterior part of the third pleonic tergite is distinctly carinated;
the telson extends to within much less than half the length of its terminal part
toward the tip of the uropodal endopod; the antennular stylocerite is not so long
as the distance between its tip and the base of the spine of the anterolateral
corner of the basal segment of the peduncle; the antenna! scale extends little
(rarely to as much as one-tenth its own length) beyond the tip of the antennular
peduncle; and there are numerous other minor differences. Finally, at sizes
equivalent to that of S. necopina, the females of S. vioscai are obviously juvenile,
and the paired teeth of their fourteenth sternite are hardly perceptible swellings.
In reduced rostral armature and absence of dorsal carina behind the cervical
sulcus of the carapace and on the third pleonic tergite, S. necopina displays con
siderable resemblance to S. atlantidis n. sp. to be described below; but it differs
from this species (and from the two related Pacific American forms S. mutator
and S. ftorea Burkenroad, 1938) and resembles S. vioscai (and the Pacific Ameri
can S. agassizii Faxon, Burkenroad, 1936 and 1938), in the gently curved junc
ture of the frontal margin of the carapace with the pterygostomian spine. S.
necopina differs from S. atlantidis (and indeed from all of the American species)
in the obtuseness of its orbital angle [in which feature it resembles the Indo
Pacific S. comatus, and differs from S. membranacea and from the species repre
sented by the Zanzibar female erroneously attributed by Ramadan, 1938, to
his "S. rathbuni "] and in the great length of its antenna! scale. Its thelycum
differs from that of S. atlantidis in the well-defined ridge of the anterior part of
the thirteenth sternite. Like the other Atlantic American species of the genus,
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S. necopina differs from all of the Pacific American forms in the shallower bifur
cation of its epipodites.

I

Solenocera atlantidis n. sp.

Figures 5, 6, 7, 8, 9, 10.
MATERIAL:

163 8', 206 !j!. B. 0. 0. 238. HOLOTYPE ( !j!, B. 0. o. 239) and CoTYPEB. "Atlantis" St,
2813; March 20, 1937. Trawl, 19 fathoms.
1 adolescent. B. 0. 0. "Atlantis" St. 2830; March 23, 1937. One-foot stramin net, 20
fathoms.

Females ranging from carapace 15.3 mm., total length about 55.5 mm. (rostrum 4.1 mm., telson 7 mm.), to carapace 5.7 mm., total length 21 mm. Males
ranging from carapace 8.9 mm., total length 37 mm. (rostrum, 2.6 mm., telson
4.7 mm.) to carapace 5 mm., total length 18.5 mm. In only one single male, the
smallest one, are the petasmal endopods disunited. Nearly all of the females, of
all sizes, display well-ripened ovaries (most advanced in some of the larger
specimens), although none is impregnated and none appears to have already
spawned. Practically the entire catch at Station 2813, therefore, including individuals down to lengths of 25 mm. or less, seems to consist of sexually mature
adults.
The minute adolescent specimen of St. 2830 has a carapace length of about
2.2 mm., total about 8 mm.
DIAGNOSIS: Pterygostomian spine meeting the frontal margin of the carapace
at a right angle; in a few variant individuals the spine is doubled. Orbital angle
acute and more or less tooth-like though often not greatly produced. Rostrum
not reaching so far as do the eyes, moderately deep, its convex lower margin
. curving upward distally to form a slender but saber-shaped tip; rostrum with a
distinct lateral ridge; armed above with five to seven, usually six, teeth of which
two lie behind, one above the orbital margin. Interval between the distal
rostral tooth and the rostral tip variable, usually equal to interval between
distal and penultimate or antepenulti.mate teeth; posteriormost tooth from three
fifths to four-fifths as far from the end of the postrostral carina as from the or
bital margin; about twice or a little more as far from the preceding tooth as this
from the third tooth. Postrostral carina not continued behind the crossing of
the cervical sulcus. First through third pleonic terga uncarinated. Telson
short and broad, but owing to the extreme shortness of the uropods, the length
of its distal part beyond the large lateral spines is greater or considerably greater
than the distance from tip of telson to tip of uropodal endopod. Habitus stout.
Antennular flagella relatively rather short and slender, modally about one
and one-half ti.mes as long as the carapace; at least thirty times as long as
broad; inferior flagellum about two-fifths broader than superior. The slender
flagellar tips are less than one-thirteenth as long as the broad, hollowed proximal
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portions. Antennal scale extending beyond the antennular peduncle for about
one-fifteenth or less (rarely, as much as one-tenth) of its own length. Mandibu
lar palp relatively very broad; the breadth of its distal exceeding the length of

Figures 5-10

Solenocera atlantidis, n. sp. 5. Carapace and cephalic appendages; r3' of car. 8 mm.

(COTYPE), X 3.8. 6. Pleon (posterior part) with uropods; as 5, X 5. 7. Epipodite
(of left third cheliped); as 5, X 5. 8. Petasma (right endopod, posterior view of distal
part); as 5, X 11. 9. Petasma (right endopod, lateral view of distal part; as 5, X 11. 10.
Thelycum; 9 of car. 14.5
(COT\YPE), X 5. Length of 1 mm. indicated at each drawing.

=·

its proximal segment. .Third maxillipede extends beyond the antennal scale by
about one-third of its propodus. Carpus of third leg somewhat longer than
more proximal joints combined; third leg extends beyond antennal scale to about
one-seventh of its carpus. Coxa of fifth leg with a strong tooth on its antero
median margin, in both sexes; coxa of the fourth leg of the female somewhat
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produced medially but not enough to meet its fellow of the opposite side. Epi
podites usually mitten-shaped; sometimes quite distinctly bifurcate but the
thumb or inferior branch never exceeds one-third of the length of the proximal
part of the blade, excluding the peduncle.
Teeth of the pair on the anterior part of the fourteenth sternite of the female
moderately long but usually separated by an interspace greater than their
length, sometimes, however, closely approximated. Posterior outline of thir
teenth sternite shallowly emarginate; anterior part of thirteenth sternite some
what swollen and setose with a small central elevation, but no longitudinal
carina.
Posterior margin of the fourteenth sternite of the male narrowly incised
medially. Distoventral lobe of the petasma of the male without a free projection
from its tip which does not reach so high as the distomedian lobe; the setose
ridge along the proximal part of the lateral edge of the lobe extends well beyond
the middle of the margin. The lateral lobule of the distolateral lobe is strongly
developed. The median lobule of the distolateral lobe is large and of a sub
triangular, or bilobed, shape. The anterior face of the distolateral lobe bears a
very low, arcuate lamellate projection.
According to notes on the freshly-captured specimens, the pigmentation is
orange-red; the color is most concentrated as bands across the posterior parts of
the pleonic tergites.
REMARKS: Three hundred and sixty-nine mature specimens of Solenocera
atlantidis were taken in one single haul, yet only one, a very young specimen was
found thereafter in many hauls over apparently similar bottoms in the same
general region. In this respect the economy of the present species seems similar
to and as puzzling as that of Hymenopenaeus debilis, of which an enormous
catch was made by "Atlantis" off the Mississippi in 1935, but which occurred,
and then sparingly, in only one of several hauls at appropriate depths in 1937.
Solenocera atlantidis is very nearly related to the Pacific American S. mutator
and S. ftorea Burkenroad, 1938, from which it is distinguished by the less de
veloped bifurcation of its epipodites. In sculpture of posterior pereionic ster
nites S. atlantidis rather resembles S. ftorea. In petasma S. atlantidis (although
somewhat like S. ftorea in that the body of the distoventral lobe does not rise
above the distomedian lobe, and the setose ridge on the lateral edge of the
distoventral lobe extends well past the middle of the margin) differs very con
spicuously from the other American species of the genus and resembles all of the
non-American species of which the petasma is known by the lack of a free pro
jection at the tip of the distoventral lobe. The lamellate projection of the
anterior face of the distolateral lobe is much less developed than in S. ftorea and
S. mutator, and the median lobule of the same lobe has a quite distinctive form.
S. atlantidis may be instantly distinguished from small individuals of S. vioscai
by its less numerous rostral teeth, the right angle made by the juncture of its
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pterygostomian spine with the frontal margin, the lack of carination on the
posterior part of the dorsum of its carapace and third pleonic segment and its
quite different sexual structures.
Although the very young specimen of S. atlantidis taken at St. 2830 differs
from the adults in a number of features (the pleurobranchs and prosartema
being not yet fully matured, etc.), the characteristic form of pterygostomian
spine and of rostral armature are clearly recognizable.
It seems probable that the smallest of the three Venezuelan females reported
as Solenocera siphonocera by Smith, 1886, p. 186, and attributed to S. vioscai by
Burkenroad, 1934a, p. 65, is actually distinct from the other two individuals of
this lotj but whether it may be referable to S. atlantidus is not certain.
Solenocera vioscai Burkenroad
Figures 12, 13, 14, 15

S. vioscai, Burkenroad, 1934a, p. 65, part; 1938a.
S. siphonocera, Smith, 1886, p. 186, part.
NoT S. vioscai, Burkenroad, 1936a, p. 122.
MATERIAL:

65 cl", 63 11, 13 adolescent. B. 0. C. 241 to 254, "Atlantis" St. 2814, 2838, 2840, 2843, 2853
No. 3, 5, 6, 7, 8, 10, 11, 12, 13, 14; March 21-April 10, 1937. 20-103 fathoms.

Females ranging from carapace 29 min., total length about 118 mm., to cara
pace 6 mm., total length about 26 mm. Males ranging from carapace 18 mm.,
total length about 82 mm., to carapace 5.2 mm., total length about 21 mm. The
samples are heterogeneous as to size, large and small specimens being taken in
the same haul; small outnumber large specimens in most of the hauls. In males
of carapace length less than 10-8.5 mm., the petasmal endopods are unjoined
and poorly developed; above 10 mm. the petasma is of adult form. In some of
the females of carapace length greater than 19 mm. the ovaries are filled with
ripening eggs; in other large specimens, and in the smaller ones, the ovary is
little advanced. None of the females are impregnated.
The adolescent specimens range in carapace length from 2.1 mm. to 2.7 mm.;
greatest total length about 10 mm. The largest appears to be no more than a
very few molts from the mysis stage.
REMARKS: Solenocera vioscai has previously been known only from four sub
adult to adult females, two taken off Venezuela, two off Louisiana; since two
small females with only six rostral teeth, previously identified with the larger
specimens (in the erroneous belief that they represented the young form) by
Burkenroad (1934a; 1936), are now discovered to be referable to other species
than the present one.
Since the other two species of the northern Gulf of Mexico, Solenocera necopina
and S. ·atlantidis, have each been taken on only a few occasions, no very sure
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Figures ll-15

Solenocera agassizii Faxon. 11. Epipodite (of right third cheliped); !i! of car. 40 mm.
("Albatross" St. 3391, Un. Zool. Mus. Copenhagen), X 6.
S. llioscai Burkenroad. 12. Epipodite (of right third cbeliped); !i! of car. 19 mm. (Louisi
ana, B. 0. C. No. 253), X 6. 13. Petasma (left endopod, posterior view); a' of car. 14 mm.
(Louisiana, B. 0. C. No 253). X 6.5. 14. Petasma (right endopod, anterior view of distal
part); as 13, X 14. 15. Tbelycum (pereionic sternite XIII, ventrolateral view); as 12, X 14.
Length of 1 mm. indicated at each drawing.

conclusions as to differences in their geographical and bathymetric distribution
can be drawn; but it seems worth note that the former was found beyond the
greatest depth, the latter at the shallow extreme of the range [(15) 20-100
fathoms] occupied by S. vioscai; that S. atlantidis occurred to east and to west
of the Mississippi Delta but not directly off the Passes where S. vioscai was very
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abundant; and that S. vioscai was not taken at either of the two stations where
S. atlantidis occurred.
According to the present extensive material, the amount of variation in
characters of S. vioscai of systematic importance is rather slight. Form of
pterygostomian tooth and number of rostral teeth are characteristic even in the
minute adolescents, although the postcervical portion of the postrostral carina
and the carina of the third pleonic tergum are absent in these very small speci
mens. In the larger specimens, juvenile to adult, the number of rostral teeth
ranges from 8 to 10, usually 9, at all sizes; position of posteriormost (epigastric
tooth) is constantly twice as far from the orbit as from the crossing of the cervical
sulcus. Rostrum occasionally does not exceed the eyes; and its lower margin is
in a few individuals somewhat convex. The lateral teeth of the telson are
generally much better developed than is shown in the figure of the type (Burken
road, 1934a). The long and slender antennular :flagella (two and one-third to
three times as long as the carapace) terminate in a slender filament about one
twenty-fifth as long as the expanded portion. Antenna! scale never overtops the
antennular peduncle by more than one-tenth its own length, usually much less.
Epipodites are usually no more than mitten-shaped, hardly to be termed bifur
cate. Coxa of the fifth leg of the females is in some specimens completely un
armed (as also, it now appears, in some specimens of S. agassizii), in others
bears a minute tooth on its anteromedian edge. The high, sharp median ridge
of the anterior part of the thirteenth sternite, terminating at its anterior end as
an overhanging tooth closely appressed to the posterior margin of the twelfth
sternite, is conspicuous in females whether juvenile or adult.
The petasma of S. vioscai, which has not been previously described, resembles
that of S. agassizii Faxon (Burkenroad, 1936) and differs from that of S. atlanti
dis, S. fiorea, and S. mutator in its complete lack of a lamellate projection from
the anterior face of the median lobule of the distolateral lobe; and also in that the
body of the distoventral lobe considerably overtops the distomedian lobe. The
petasma differs from that of S. agassizii particularly in the undivided and un
produced form of the median lobule of the distolateral lobe, which hardly over
tops the lateral lobule; and also in that the setose ridge along the proximal part
of the lateral edge of the petasma ends far proximal to the middle of the margin
instead of extending much farther distally as in S. agassizii.
According to notes on a large living female, the coloration of S. vioscai is in
general pale orange interspersed with many translucent areas; the pigment is
particularly concentrated on rostrum and antennules, and as bands across the
posterior parts of the pleonic terga. There are patches of opaque white on the
outer sides of the legs and pleopods, on the uropods, and at the posterior margins
of the fourth and fifth pleonic segments. The ovary is creamy orange.
NATURAL HISTORY: On two occasions, at Stations 2814 and 2838, large females
of S. vioscai came up alive in the trawl and were maintained under observation
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in aquaria, in one case for more than twelve hours. One of the specimens in
particular seemed to be in good condition, and both were alive and vigorous
when cast into preservative at the end of the periods of examination. The
specimens moved with great slowness and deliberation except when strongly
stimulated, when they were capable of jerking rapidly backward; they showed
no tendency to swim. The stronger specimen drew itself down into the mud at
bottom of its receptacle, not so much burrowing as burying the posterior part of
its body in the soft silt; its attitude was usually a strongly reflexed one so that
the antennular flagella projected from the mud at an angle of about 45°. In
both cases, respiratory water was observed to enter the branchial chamber only
from its anterior end, whether the animals were buried in silt or not. While
buried in the silt, respiratory water was certainly obtained largely from the
opening at tip of the conduit formed by the apposition of the antennular
tlagella, since the current entering this opening was very perceptible. When the
animal was at the surface of the mud the amount of inflow leakage around the
anterior margin of the carapace or along the antennular peduncle was seen to be
variable, but was often practically non-existent. At intervals the second
maxillipedes were lowered and the mud which had settled above them was
cleared away by a vigorous anteriorly-directed jet of water.
Although the opinion that the antennular flagella of Solenocera form a respir
atory conduit (as opposed to the occasional view that the tube exists for the
protection of the inner flagella) has been rather generally held, the usual con
ception appears to have been that the antennular tube is an efferent channel (cf.
Stebbing, 1893, p. 218). The contrary suggestion of Burkenroad (1934a, pp. 66,
138) that the conduit is an afferent one is confirmed by the present observations,
as is also the suggestion previously made by Burkenroad on morphological
grounds (l. c.) of a sedentary, burrowing habit in which the normal attitude is a
strongly reflexed one.
While the habit of partial or complete burial occurs in many littoral Penaeinae
which at other times, as by night, are active and may even enter the nekton
(cf. Wheeler, 1937), and while these forms usually take up a more or less reflexed
attitude (to the extent permitted by their unmodified first pleonic tergite) when
buried, the direction of branchial flow seems in them always to be the usual one
from posterior to anterior, and the efferent current is discharged at the tip of an
unprolonged conduit formed by the antennular peduncles and antenna! scales.
As the animals (for example, Penaeopsis) frequently penetrate so deeply into the
substratum as to bring the end of the conduit far below the surface, this arrange
ment for discharge seems perhaps of particular value in removing the breathed
water as far as possible from the region of intake under conditions where move
ment of the surrounding medium is impeded. The occurrence in Solenocera of
a different means of breathing from that successful in other peneids of burrowing
habit may perhaps be related to the consistency of the substratum inhabited;
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thus, simple filtration along the edges of the carapace might perfectly protect
the gill surfaces from clogging in a Metapenaeopsis buried in sandy mud or sand
at Bermuda, but be completely ineffective in the extremely fine silts off the
Mississippi Delta. It would be of great interest to know whether Solenocera is
limited to oozy bottoms, and whether species of other genera (as Penaeus aztecus,
Trachypeneus similis) found in such areas are contrasted in habit (as regards
burrowing) to their relatives (P. duorarum, T. constrictus) of grainy bottoms.
PENAEUS Fabr.
DIVISION

I

Penaeus, Division I, Burkenroad, 1934a, p. 74.
Penaeus setiferus (Linn.), restricted
? Cancer setiferus, part, Linaeus, 1767, p. 1054.
? Penaeus orbignyanus, Latreille, 1817, p. 154.
Penaeus fluviatilis, Say, 1817, p. 236.
Penaeus setiferus, H. Milne Edwards, 1837, p. 414; auct., part.
Penaeus gracilirostris,1 Thallwitz, 1891; DeMan, 1911, p. 100.
Penaeus setiferus, Weymouth, Lindner and Anderson, 1933, p. 23, part; Burken
road, 1934a, p. 77; 1936, p. 316.
Penaeus brasiliensis aztecus, part, Ives, 1891, p. 190.
NOT Penaeus setiferus, Heller, 1868, p. 121.
MATERIAL:
1 ,3'. NEOTYPE. B. 0. C. 237. (From B. 0. C. 86, 29 a', 24 9), off Matanzas Inlet,
Florida; April 2, 1934. 8--10 fathoms, ottertrawl. Mr. M. B. Bishop.
221 a', 376 11. B. 0. C. 321 to 327. "Atlantis" St. 2812, 2820, 2822, 2828, 2839, 385:l No.
12; March 20-April 10, 1937. 10-39 fathoms.
19 ,3', 19 9. B. 0. C. 328 to 330. Pensacola Bay, Florida; March 11, 13, and 16, 1935. 5
fathoms.
1 ,3', 1 9. B. 0. C. 331. Gulf of Mexico off Pensacola; March 23, 1935. 5 fathoms.

,

·,

Neotype, carapace length 38 mm., total about 165 mm. "Atlantis" 1937
material, carapace length of males from 25.5 mm. to 42 mm.; of females from 27
mm. to 48.5 mm. Males from Pensacola, carapace 23 mm. to 29 mm. except for
the largest, of 34 mm.; females 21 mm. to 28.5 mm. except for the largest, of
32.5 mm. Joining of the petasmata occurs in males between 25 and 26.5 mm.
REMARKS: In 1934a, p. 84, the possibility that Penaeus setiferus auct. might
include more than one species was briefly suggested by Burkenroad, who in
1 An examination of the type of P. gracilirostris, made possible by the kindness of
Dr. H. Kummerloewe of the Dresden Museum, leaves no room for doubt that the
reported derivation of this "unique" specimen ("North Celebes") is entirely
erroneous.
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1936b, p. 315, separated a southern species (P. schmitti) from a northern one for
which the name P. setiferus (Linn.) was employed without formal redefinition,
The history of the Linnean name is the following:
The habitat of Cancer setiferus is stated by Linne, 1767, p. 1054, to be "in
lndiis"; a reference is made to the "Astacus fluviatilis" ["d'A.merique "] of Seba
1758. In the non-Linnaean thirteenth edition of "Systema Naturae," 1788, th�
habitat of Cancer setiferus is described as southern America and India. Accord
ing to Mr. S. Savage of the Linnaean Society, nothing is known in London of the
material upon which C. setiferus was based [unless it is included among some
unlabelled and miscellaneous artbropodan fragments not certainly of Linnean
origin]; and according to Dr. G. Jagersten, the type is not preserved at Uppsala.
It seems not impossible that the Linnean imputation of American habitat to
C. setiferus was derived from Seba, and that the type was a specimen from the
. East Indies which somewhat resembled Seba's plate; however, the name has
subsequently been employed exclusively for Atlantic American material.
Herbst, 1796, describes the habitat of Cancer (Gammarellus) setiferus as
America.
Say, 1817, in describing a species of the Fabrician genus Penaeus, which he re
gards as identical with Seba's Astacus fluviatilis, overlooks or ignores the Linnean
reference to Seba's prawn and terms his material Penaeus fluviatilis. Say de
scribes the species as abundant "in the estuaries of the southern states and
Florida." H. Milne Edwards, 1837, synonymizes P. fluviatilis with the Linnean
species and presumably derives from Say the statement that Penaeus setiferus
inhabits the mouths of the rivers of Florida [since according to Bate, 1881, the
surviving Edwardsian specimen is labelled "Guadaloupe" (a most indefinite
provenance perhaps referring to San Antonio Bay, Texas, at the mouth of the
Guadaloupe River)]. P. setiferus is employed by DeKay, 1844, and by Gibbes,
1850, for material from the United States. In 1858, deSaussure applies the
Linnean name for the first time to material from defined localities (Cuba and
Tampico) outside of the present limits of the United States; it is not impossible
that both of the two forms now recognized inhabit Cuba, but material from
Tampico was probably of the northern species.
In 1865, the name P. setiferus was lliled for the first time, by Heller, for mate
rial from (Rio de Janeiro) within the definitely known range of P. schmitti; and
a reexamination of the single specimen of this group taken at Rio by the "No
vara" shows it to be of P. schmitti. As has been pointed out by Pesta, 1915,
p. 113, the remainder of the material labelled as "P. setiferus" from Rio by
Heller is referable to the P. brasiliensis group. Following Heller, the range .of
P. setiferus has been universally considered to be from the United States to
Brazil, until the recent separation of P. schmitti.
Despite doubt as to the precise nature of the Linnean types, usage would seem
to make desirable retention of the name Penaeus setiferus for one of the Atlantic
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American species with short adrostral carinae. Inasmuch as definite records of
"Penaeus setijerus" from areas outside of the present known range of the north
ern species did not appear in the literature until relatively very late, it has seemed
proper to restrict the Linnean name to the northern species.
A note upon Penaeus orbignyanus Latreille may finally be offered. According
to the description, this was a specimen of Penaeus with short adrostral sulci
taken on the coast of the French department of Vendee by "Dr. d'Orbigny."
C-M. D. d'Orbigny seems at about this time to have been living in LaRochelle;
and as he seems never to have visited regions of the world where prawns conso
nant with the description of P. orbignyanus are known to exist, there is thus no
internal evidence against the Biscayan provenance attributed to the specimen
by Latreille. However, no confirmation of the record has ever been obtained,
and it thus seems necessary to conclude either that an individual from America
had drifted across the Atlantic, or that Latreille's specimen, though sent from
La Vendee, had been captured elsewhere. In the first case, Penaeus setiferus s. s.
seems the more likely form to reach the Bay of Biscay; in the second it is not
possible to judge whether Latreille's description refers to P. setijerus, P. schmitti,
P. vannamei, or possibly even to a somewhat atypical individual of one of several
ludo-Pacific forms. P. orbignyanus thus seems, if not a synonym of P. setiferus,
to be indeterminable in absence of the type; which according to Dr. Monod and
Dr. Dollfuss cannot be found in Paris, and according to Dr. Gordon is not at
the British Museum.
DISTRIBUTION: The critical records of Penaeus setiferus s. s. available to me
may be summarized as follows: Atlantic coast of the United States from Fire
Island, New York, to Cape Canaveral, Florida; Gulf of Mexico from Pensacola,
Florida, to Timbalier Bay, Louisiana, Texas, and Vera Cruz, Mexico; Cuba;
Jamaica. The lack of records between Cape Canaveral and Pensacola, Florida
appears to coincide with an actual absence of members of the Division. In the
lack of other material than the single specimen in the Berlin Museum, taken by
Gundlach, it is impossible to say whether some records of Penaeus with short
adrostral sulci from Cuba may refer to P. schmitti, but it seems possible that
they do. The southern species, Penaeus schmitti, has been recorded from Rio
de Janeiro, Panama, Jamaica, and Haiti by Burkenroad, 1936b. The following
fresh material, for the opportunity to examine which I am much indebted to the
authorities of the museums concerned, may now be listed; in addition I have
now seen much additional material from Rio de Janeiro.
2 11, carapace 24-30 mm.; Haiti; Un. Zool. Mus. Copenhagen.
4 11, carapace 34-42 mm., 1 impregnated; outside of Kingston Harbor, Jamaica; B. M.
(N. H.) 1905. 6. 29. 6-9.
2 11, carapace 38--42 mm.; St. Domingo, W. I.; B. M. (N. H.) 1906. 6. 15. 2-3.
1 o', adult; St. Thomas; Nat. Hist. Mus. Wien.
1 o', carapace 31.5 mm.; Cayenne; B. M. (N. H.) 90. 10. 7. 306.
1 \l, carapace 18 mm.; Cayenne; Un. Zool. Mus. Copenhagen.
1· o', 1 11, carapace 29.5 mm.; Maruiin (north of Bahia, Brazil); Un. Zool. Mus. Copenhagen.
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Many ,;/' !i!, juv. to adult; Santos; Zoo!. Samml. Mtinchen.
1 ,;/', adult; Paranagua; Zoo!. Samml. Mtinchen.
2 !i!, juv.; Sta. Catharina; Nat. Hist. Mus. Berlin.

It seems possible that the occurrence of Penaeus setiferus is conditioned by
salinity within an extreme range governed by temperature; since its distribution
seems correlable with that of water of less than 35% salinity within the region
where the temperature is at some time in the year less than 25° C. and more than
20° C. (according to Schott, 1926). That this correlation is more than a coinci
dence is however uncertain; since the distribution of P. schmitti is by no means
so easily referable to the affects salinity and temperature, this species being
known from the very low salinities of Panama as well as from the very high ones
of Bahia; and being absent (so far as is known) not only from Vera Cruz where
P. setiferus occurs but from southern Florida where the North American form
has not been taken.
The geographical range of P. setiferus corresponds quite closely to that of P.
aztecus Form A, although the former seems to differ from the latter in its presence
in Jamaica and in its lesser extension north of Cape Hatteras (as well as in its
lesser bathymetric range and lesser degree of adult independence of the coastal
area). So far as present knowledge goes, P. schmitti agrees rather well in distri
bution with P. aztecus Forms B and C combined, except that it seems not to
range south of Rio Grande do Sul and is not known from Cuba and southern
Florida.
NATURAL HISTORY: That Penaeus setiferus might have a bathymetric range
exceeding that of the commercial fishery off the Mississippi, spawning ground
lying in the deeper portion of its range, and a life-span including more than one
spawning, has been suggested by Burkenroad, 1934a, p. 81, as a possibility re
quiring consideration "Even though the adults should actually never reappear in
the fishery." That individuals past their first spawning might in fact compose a
part of the commercial catch has, although not explicitly so stated, been the
clearly implied belief of Viosca (1920, p. 122) and of Burkenroad. In a prelimi
nary report of their investigations, Weymouth, Lindner and Anderson, 1933,
incline to the view that the life-span of Penaeus setiferus is only one year, that
its entire life is spent in the shallower water, and that the yearly disappearance
of adults from the commercial catch corresponds to the natural death of the
year-class following spawning. In various recent statements on the shrimp in
vestigations conducted by the U.S. Bureau of Fisheries, however, the opinions
of Viosca and of Burkenroad seem to have gained acceptance. Concrete evi
dence in favor of these opinions would appear finally to be provided by the
material here reported upon, the first to become available from areas lying
beyond the range of the commercial fishery.
In none of twelve hauls in depths of from 40 to 70 fathoms, made by "Atlan
tis" during March and April, 1937, was Penaeus setiferus taken; and since P.
aztecus, a species of size and strength equivalent to that of P. setiferus, occurred
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in eleven of these twelve hauls, it seems a safe assumption that, during the
season of investigation, P. setiferus does not occur at depths greater than 40
fathoms. One catch of 15 specimens of P. setiferus was taken, together with 12
of P. aztecus, at a depth of 35-39 fathoms; of the other two hauls made in 31-40
fathoms, both yielded P. aztecus. Two catches, of 188 and of 57 specimens of
P. setiferus (the smaller catch being accompanied by 32 specimens of P. aztecus)
were taken at depths respectively of 25-29 and of 30 fathoms; of the other three
hauls made in 21-30 fathoms all yielded P. aztecus. Four catches, of 1, 17, 40
(accompanied by 13 of P. aztecus) and ca. 6001 individuals of P. setiferus were
taken at depths of 10-20 fathoms; of the other four hauls at these depths, two
yielded P. aztecus and one P. duorarum. Stations where P. setiferus was taken
showed no clear distinctions in bottom temperature and salinity from those
within the same depth-range where P. aztecus but not P. setiferus was taken.
The extremes of bottom temperature at stations where P. setiferus occurred were
16.9°-19.8° C.; of salinity 35.52-36.4°/ao No striking distinctions were observed between the samples of P. setiferus
from depths of ;;;:; 20 fathoms and from > 20 fathoms in size, sex-ratio, or sexual
condition; although in the single small catch from more than 30 fathoms (of 2 o'
and 13 9) the minimum size in both sexes (carapace length 34 mm. in males,
38 mm. in females) was greater and the proportion of males was lower than in
any of the other samples. The total available range in carapace length was
from 27 mm. to 48.5 mm. in females; from 25.5 mm. to 42 mm. in males. Mean
carapace length in the most extensive sample (94 o', 196 9 examined, from 12.5
fathoms, St. 2839) was roughly estimated to be about 36.3 mm. ( = ca. 160 mm.
total length) in females, 35.4 mm. in males; 43 females of this catch attained or
exceeded 40 mm. ( = ca. 170 mm. in total length). The mean in females seemed
about the same in the next most extensive sample (66 o', 112 9, 25-29 fathoms,
St. 2820); 20 females of this catch attained or exceeded 40 mm.
Of 259 females from all hauls closely examined, 145 (ranging in carapace
length from 29.5 mm. to 48.5 mm.) showed signs of having been impregnated;
the range in proportion of impregnated to unimpregnated per sample was from
27 : 1 (Station 2853 No. 12, 30 fathoms) to 1 : 6 (St. 2828, 10.5 fathoms), no
clear correlation with depth of capture, with size, or with ripeness of ovary being
shown. Soft- and paper-shelled individuals showed no traces of impregnation,
so that mating is in this species apparently not an accompaniment of the molt.
It must be noted that an entire and undamaged pair of spermatophores was not
found attached to a single one of the individuals termed impregnated. In a few
specimens, a large part of the anterior holdfasts of the spermatophores (com
prising the lateral spurs caught between the third and fourth legs and the glutin1 A random sample of this catch amounting to five gallons or 290 individuals was
preserved and has been available for laboratory investigation. All other catches
were preserved entire.
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ous median mass between the coxae of the third legs; cf. Burkenroad, 1934a, fig.
6) remained; in the rest, more or less extensive traces of the glutinous median
mass adhered quite firmly between and anterior to the coxae of the third legs.
The clean and shining cuticle of presumably virginal (as regards period since
last molt, at least) females was easily distinguishable at a magnification of 12.5 x.
According to notes on catches of P. setiferus made to westward of the Mississippi
in depths of less than 10 fathoms in July, 1930 and May, 1931, which included a
number of females with undamaged spermatophores, none was observed to bear
a trace or part only of a spermatophore. The possibility has therefore been considered that loss of the spermatophores formerly present in the "Atlantis"
catches might have been a normal and not an accidental process; and accordingly,
careful examination of the sternal recesses and of the oviducts has been made to
the end of discovering sperm-storage other than by means of the spermatophores.
However, although a few spermatozoa were found among the setae of the third
legs in certain of the individuals showing traces of spermatophore attachment,
the results of this search were negative (whether among those females showing
traces of spermatophore attachment, those without such traces, those with
ripe eggs, those with unripe eggs, those hard-shelled or those soft-shelled). It is
therefore concluded that the spermatophores in those of the "Atlantis" females
which show traces of their former presence have been lost by accident. Since
fragments or traces of the holdfasts of the spermatophores remain quite firmly
adherent in the material studied; since in many cases setae seem to have been
torn out with the spermatophores; and since the impregnated individuals range
in degree of maturation of the ovary from very unripe to very ripe, it seems
probable that the accidental loss of the spermatophores was a result of ,the
violence of capture, especially in deep water; and that under normal circumstances the spermatophores may be retained for considerable periods. What
proportion of individuals in the commercial catch at various seasons may be
found on close examination to bear traces of impregnation is not yet known.
Of 240 females in which the ovary was closely examined, the eggs were very
ripe in 40, ripe to moderately unripe in 150, very unripe in 50.1 No ovaries were
seen which seemed to have been very recently emptied. The smallest females
with eggs extremely ripe have a carapace length of 30 mm. No striking differ1 Eggs termed "very ripe" are those about .20 mm. to .30 mm. in greatest dimension
(mean spherical diameter probably about .25 mm. or less), light yellow to light orange
in color (in formalin), and with the cortex of the egg composed of radially arranged
columns of clear stiff material embedded in a granular matrix (an appearance also
easily recognized in fresh material, according to notes made in 1931). In eggs
termed "ripe," the size may be little less than in the above and the color yellow, but
the substance of the egg is simply granular, without columnar' structure. In less
ripe eggs the size is smaller and the density of granulation less; down to the smallest
considered, about .08 mm. in greatest dimension, packed together with many still
smaller cells in a slender, colorless ovary.
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ences in range of maturation of the ovary were observed between the impreg
nated and the unimpregnated or the larger and the smaller individuals, nor be
tween the samples from deeper and those from shallower water. In two indi
viduals (from St. 2820, 25-29 fathoms) with very unripe ovary, respectively of
carapace length 37 mm. and 38 mm., a few of what appear very definitely to be
degenerated ripe eggs in process of resorption (a thin spherical membrane
enclosing a cortex of clear cylinders and a central granular mass) were noted to
be scattered among the developing young ova. Since the method of examination
employed (inspection of the ovary through a cut in the second pleonic somite, at
magnifications of 12.5 X to 30 X) would reveal the old eggs only in very unripe
ovaries where the contrast is great; since resorption might be expected to con
tinue beyond the point of detection with ripening of the ovary; and since, ac
cording to the condition in spent females of P. aztecus (vide p. 49) the proportion
of unshed eggs remaining after spawning is variable, frequently nil, it is probable
that the number of individuals detected is by no means commensurate with the
number which have spawned on a previous occasion.
The fact that no recently spent females were taken by "Atlantis" seems to
indicate that spawning had not yet begun by April 10th (accepting that the
resorbing eggs detected in the unripe ovaries provide indication that spawning
may, on occasion at least, be survived and repeated); the relatively low propor
tion (1/6) of individuals with extremely ripe ovaries as compared with those
moderately ripe (3/5) is not in conflict with this assumption. Accepting that
spawning had not yet begun, it would appear that the eggs are not necessarily
shed immediately upon their attainment of columnar structure; and it is even
possible that still riper stages, distinguishable by a difference in color or in some
other way, may occur before the time of spawning (although it may be remarked
that no further stage of maturity was discovered in P. aztecus, where spawning
seems to have been in progress in the population examined). Since as mentioned
above the ovaries of impregnated females range from very unripe to very ripe,
it would appear that mating has no close relation to imminence of spawning (as
also in the Penaeus brasiliensis group; vide p. 50) and the material taken by
"Atlantis" thus does not serve strictly to define the areas of spawning. Since
spent females have not been detected in the commercial catch (that is, in depths
of 15 fathoms or less) at any season (Burkenroad, 1934a), it seems possible that
the ripe females taken by "Atlantis" in 10-15 fathoms would have moved far
ther off-shore to spawn;1 in this case the proportion of ripe to unripe females
might be expected to increase with depth in a fashion not clearly indicated by the
available catches but perhaps demonstrable later in the year.
According to the present observations, very few individuals of P. setiferus of
size less than that at which maturity may be attained occur at depths greater
1 As regards the claim of Pearson, 1935, to have discovered eggs of P. setiferus
:floating at the surface in water only 5 fathoms deep off Georgia, see p. 52 below.
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than 10 fathoms in the region of the Mississippi River during early spring. The
population found beyond 10 fathoms appears to be most dense at depths of less
than 20 fathoms but to range out to 40 fathoms; that is, to a limit about two and
one-half times as great as the deepest previous records (15 fathoms, the maximum
depth in which the commercial fishery has regularly operated in Louisiana). If
the commercial"spring run" of "lobster-shrimp" (which seems to have ap
peared in the fishery in 1937 before the time at which the operations of"Atlan
tis" were begun) should be considered to correspond to an on-shore movement
of individuals which have wintered in deeper water, it seems possible that during
the winter the density of population in depths of more than 20 fathoms may be
greater than at the time of investigation by" Atlantis." Since the bathymetric
limit of the species can be definitely stated to lie considerably outside the limits
of the commercial fishery, it seems by no means impossible that the larger indi
viduals, which after appearing in the fishery in quantity in spring, disappear
again by winter, may in the course of the summer simply have returned to
spawning and wintering grounds at depths beyond 15 fathoms.
It seems possible that the"Atlantis" catches of P. setiferus in Louisiana may
correspond in a general way to a seaward extension of the upper mode at about
150 mm. shown by Weymouth, Lindner and Anderson (1933, fig. 10) in the
commercial catch in Georgia in late March and early April, 1931. Thus, if the
length-frequency curves for the Georgia catches are accepted (as by their au
thors) to refer simply to the growth of a single year-class, it would seem necessary
to consider the "Atlantis" catches as composed entirely of individuals born
during the preceding summer and approaching their first spawning. On the
other hand, it would seem within possibility that the distinct bimodality indi
cated in the material from Georgia during winter and early spring (referred to by
the authors of the curves as a lack of distinct mode) might be interpreted in terms
of a lower mode composed of individuals which have not, an upper one chiefly
of individuals which have previously spawned. The size of the smallest sexually
active females in the "Atlantis" catches, 30 mm. carapace length (ca. 130 mm.
total length, corresponding to a weight about one-third that of the largest females
of 190 mm.), does not conflict with this interpretation; and the indication (ac
cording to the presence of resorbing eggs in unripe ovaries) that some individuals
of total length less than 165 mm. in the"Atlantis" catches have spawned on a
previous occasion is distinctly in accord with it. If this view of the significance
of the upper mode in early spring in Georgia should be accepted, it might be
thought that the various movements of the modes in the account cited, some of
them sudden and peculiar, might refer in part not to growth but to movements
comparable with the on-shore spring run and the off-shore spawning movements
tentatively accepted above for the Louisiana population.
Since the present observations seem to demonstrate a need for means of de
termining the bathymetric derivation of components of the population of
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Penaeus setiferus, such as cannot be met by tagging (because of the limitation
to the shallow part of the range of the species of a fishery adequate to supply a
return of the tags), a method by which it may prove possible to identify the
position of an individual at its last molt is here suggested. In the majority of
decapod crustacea a balancing organ is present in the base of the antennule,
consisting of a closed or open pocket which in many cases contains a concretion
or statolith. In the Penaeidea a statolith is invariably present, which is among
the forms of exclusively natant life a self-secreted pellet of cuticular material,
but which among the forms normally coming into contact with the substratum
is composed of a mass of small objects introduced from the exterior at the molt
and more less conglomerated by cuticular secretion. The nature of the statolith
has already been employed (by Burkenroad, 1936, pp. 22, 106 and 1937, p. 512)
for demonstration of an essential dependence upon the substratum in supposedly
holonektonic peneids. In a similar manner, it seems possible that to the degree
to which particular areas of bottom may possess peculiarities of a nature to be
reflected in the statolith of individuals of a species molting there, these individ
uals might remain distinguishable until after the next molt even after extensive
movement and mixture with individuals from other areas.
The statolith of Penaeus setiferus is chiefly composed of siliceous granules,
together with some fecal pellets of small organisms, and more rarely calcareous
fragments and foraminiferal and radiolarian tests; it therefore shows no plain
indication of selective gathering as to material included. Since the sandgrains
included may be either large or small, the statolith shows no plain indication of
selective gathering as to size, withm wide limits. In samples of P. setiferus from
shallow water (as from Pensacola Bay, 6 fm.; and St. 2839, 12.5 fm.) the bulk
of the sand grains of the statolith are, with considerable constancy from individ
ual to individual, of large size, approximately .05 mm. in mean diameter. On
the other hand, in samples from deep water (as St. 2820, 25-29 fm.; and St. 2822,
35-39 fm.) all of the granules are of very small size, about .01 mm. in mean diam
eter (as might be expected from the probable concentration of large granules
in shallow water deposits), giving the statolith in these samples a very character
istic appearance. Finally, in one sample (St. 2829, 10.5 fm.), statoliths com
posed either of large or of small grains (but not of both) were noted; a state of
affairs presumably referable to the presence of individuals recently arrived from
deep water. In the statolith of P. aztecits from depths of more than 50 fathoms,
the occurrence of foraminifera was observed to be much more freqent than in
material of this species from shallower water; and possibly characteristic local
differences in proportion of fecal pellets included were in the statolith also noted.
In areas where horizontal movement of P. setiferus (or other decapods) might
carry individuals from one drainage system to another, and where the deposits
of the different systems might be mineralogically- distinct, it seems possible that
the method of statolith examination might also prove useful for determination of
horizontal movement. Further study of the method is in progress.
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DIVISION II

Distinctions between Division 1 and Division 2 of Penaeus; and between the
section of Division 2 comprising the Indo-Pacific and Mediterranean forms and
the characteristically American section, have been discussed by Burkenroad,
1934a, p. 74. Further studies of Penaeus indicate a need for modification of details of this statement, but the general outline remains serviceable.
Since its establishment by Latreille in 1817, until the present, the name
Penaeus brasiliensis has been universally applied to all Atlantic material (and
by certain students to all Pacific American material also) of that section of the
Division in which the supraorbital carina of the carapace is not recurved upon
itself posteriorly. A variety from Vera Cruz, P. brasiliensis aztecus, was dis
tinguished by Ives, 1891, p. 190, by means of a worthless criterion (length of
antenna! flagella); this name was considered a synonym of P. brasiliensis by
Burkenroad, 1934a, p. 94, who was unaUe to discover any sharp differences
between specimens from North Carolina, Louisiana, Colombia, Cuba, and
Africa, although finding Atlantic to be distinct from Pacific American material.
However, the examination since 1934 of a large assortment (including more than
1000 individuals) of the Penaeus brasiliensis group now permits the distinction
of three Atlantic and two Pacific American species (the latter of which have
been defined, under the names P. brevirostris Kingsley and P. californiensis
Holmes, by Burkcnroad, 1938). In the light of present knowledge, it appears
that the three African juveniles and the Cuban specimen discussed in 1934 be
long to other species than the bulk of the then available Atlantic material; and
also, although this step might be avoided by judicious selection of a holotype, it
is found proper to retrieve and define the name introduced by Ives.
In this matter of names for the newly distinguished Atlantic species of the P.
brasiliensis group, two conspecific ancient specimens (one dry, one in spirit)
labelled "Penaeus brasiliensis. Brazil. Given by the Museum of France. Mus.
Leach" have been examined during a recent visit to the British Museum. There
is an entry corresponding to these specimens (or to one of them) in the MS Reg
ister of the collection [which according to information kindly supplied by Dr.
Gordon probably dates from ca. 1826], as well as in the Catalogue published in
1847. According to Dr. Gordon, Leach's collection was acquired by the British
Museum in 1826, that is, within nine years of the description of P. brasiliensis.
An enquiry by Dr. Th. Monod of the Paris Museum has failed to discover Latre
ille's types in that institution, a result corresponding to the probability that the
remarks on P. brasiliensis by H. Milne-Edwards, 1837, are not based on the
examination of material. It therefore seems quite possible that the two speci
mens in the British Museum comprise Latreille's types; but in order to set this
point completely at rest, the spirit specimen, a small but adult female in fairly
good condition, is (even though the action may be a redundant one) designated
below as neotype of Penaeus brasiliensis. An examination of the types of
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Penaeus brasiliensis aztecus Ives, made available by the Philadelphia Academy
of Natural Sciences, indicates these to consist partly of Penaeus setiferus (Linn.),
but in the main of a species of Division 2 distinct from the neotype of P. brasili
ensis, from which a holotype is designated below. Penaeus aztecus therefore
becomes the name of the species of "P. brasiliensis" most abundant in North
America. Finally, no name is available for the third Atlantic form, which is
accordingly described below as P. duorarum n. sp.
It is not only possible to separate "P. brasiliensis" into several species, but
also to distinguish in P. duorarum two, in P. aztecus three forms or subspecies
which are described below under alphabetical designations. These forms are
quite well-defined, and while they have zoological ranges for the most part
distinct, "Form B" of P. aztecus overlaps "Form A" in Cuba and "Form C" at
Rio de Janeiro. It therefore seems possible that the various forms should be
considered as distinct systematic units and should be named as subspecies ac
cordingly; but until further information as to the natural history of the group is
available, this step may be postponed.
The relatively very extensive representation of Atlantic forms of the P.
brasiliensis group herein brought together reveals quite clearly that remarkable
differences exist between the three species in distribution. For opportunity
to examine that considerable portion of the material not collected during ex
peditions of the Bingham Oceanographic Foundation, thanks are due to several
donors listed after the citations B. 0. C.; as well as to the institutions cited by
the abbreviations A. M. N. H. (American Museum of Natural History); B. M.
(N. H.) [British Museum (Natural History)]; D. T. R. (Department of Tropical
Research, New York Zoological Society); I. M. Z. U. T. (lstituto e Museo di
Zoologia della R. Universita, Torino); M. C. Z. (Museum of Comparative
Zoology, Harvard); M. C. S. N. M. (Museo Civico di Storia Naturale di Milano);
N. M. W. (Naturhistorisches Museum, Wien); P.A. N. S. (Philadelphia Acad
emy of Natural Sciences); P. M. N. H. (Department of Zoology, Peabody
Museum of Natural History); U. Z. M. C. (Universitetets Zoologiske Museum,
Copenhagen); Z. M. U. B. (Zoologisches Museum der Universitat, Berlin);
Z. S. S. M. (Zoologische Sammlung des Staates, Miinchen).
Penaeus brasiliensis Latreille, restricted

Figures 16, 17, 22
? Penaeus brasiliensis, Latreille, 1817, p. 156.
P. brasiliensis, auct., part; Andrews, 1911, fig. 3.
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Rio de Janeiro, Brazil.
Rio de Janeiro. Selenka.
Z. S. S. M. Rio de Janeiro. Selenka.
Z. S. S. M. Rio de Janeiro, Essendorfer.
7 11. N. M. W. Rio de Janeiro. "Novara."
N. M. W. Bahia. "Saida."
1 11, M. C. Z. Bahia, Brazil. Hartt.
P. M. N. H. 161.

a', 2 11.
11.
11.

a',
11.

a',
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Z. M. U. B.

CARIBBEAN and ANTILLES

1 a', 2 11.

P. 11,£. N. H. Sabanilla, Colombia. Shore, March

1 11. U. Z. M. C. St. Thomas. Riise.
2 a', 1 11. U. Z. M. C. St. Croix. Kroyer.
3 a'. D. T. R. Bizeton, Haiti. March 1, 1927.
;e.e. (11'1'\:i.;11 )-1 rJ'. B. 0. C. 9. Havana Harbour, Cuba. February 1, 1932.
3 a', 4 11. Z. M. U. B. Cuba. Gundlach.
1 11. N. M. W. West Indies.

16-24, 1884.

"Albatross.''

•

ATLANTIC NORTH AMERICA

°
°
/fr-.: 4-'11o')-� -1 a'. P. M. N. H. Atlantic off Cape Hatteras (35 21' N., 75 24' W.).
ber 19, 1874. "Albatross" St. 2285.

13 fathoms, Octo

BERMUDA

B. 0. C. 319. Mullet Bay. January 27-29, 1935.
B. 0. C. 320. Ferry Reach. Surface, at light. April 24, 1936.
1 a', 3 11. M. C. Z. 9283. Ferry Reach. Surface, at light. August, 1935. Wheeler.
(YPIII: i.r'V/'l. )-1 a', 1 11, P. M. N. H. 592. Port Royal Bay. Seine. September 21, 1905.
(r/'11, 4'f'f3) -1 11. P. M. N. H. 3116. Bermuda. April, 1898. Jones.
(YPt\-4'rl'S)- 1-1 11,
1PM01o.',l'4- ).1... 1 11,

�,..,,,�

. "'"ll"'l'-,

:r-J.�
ft\, it-Y,:r,tf

1 c,.
1 c,.
1 c,.

D. T. R.

301363.

(with cast shell).

P. M. N. H. 3116.

Bermuda.

1930.

D. T. R. 3130 and 3131.
Bermuda.

April, 1892.

Bermuda.

1930.

The largest female has a carapace length of 38 mm., a total of about 163mm.,
the largest male a carapace of 29 mm.; these are from B. 0. C. 318, Rio de
Janeiro. The smallest females of the same sample have a carapace of 12mm.,
the smallest males of 11 mm. The smallest impregnated female of this sample
has a carapace of 28 mm.; the smallest male with joined petasmal endopods, of
23mm.
The largest of the available northern females, of carapace 28 mm., is impreg
nated, as is also another of 24 mm. The smallest northern male with joined
petasmal endopods has a carapace of 17 mm.
DIAGNOSIS: Posteromedian part of the median plate of sternite XIII of the
females without other longitudinal carination than a very small knob-like pro
jection from the posterior edge. Lateral plates of XIV of adult females meeting
in the midline anteromedially, their anteromedian corners being produced for
ward so as to conceal completely the posteromedian part of the median plate of
XIII.

Medially curved distal end of the heavily chitinized distoventral lobes of the
adult petasma terminates as a rather projecting tip free of the membraneous
distolateral lobe; external edge of the distoventral lobes unarmed; median (or,
in consideration of the curvature of the lobes, proximal) anterior edge of the dis-
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toventral lobes, near the distal end, with a well-spaced series of three to nine
sharp and slender teeth of moderate size, similar to but larger than the neighbor,.
ing armature of the anterior surface of the distolateral lobes. The fold of the
free margin of the distolateral lobe, just median to the tip of the distoventral

·-

Figures 16-21
Penaeus brasiliensis Latreille (restr.). 16, Petasma (distal part, anterior view from right
side), d' of car. 28 mm. (Brazil, B. 0. C. No. 318), X 9. 17. Thelycum; 9 of car. 26 mm.
(Brazil, B. 0. C. No. 318), X 4.
P. duorarum, n. sp. 18. Petasma; d' of car. 25 mm. (Haiti, D. T. R., N. Y. Z. S.), X 9.
19. Thelycum; 9 of car. 24 mm. (Havana, B. 0. C. No. 298), X 4.
P. aztecus Ives (restr.). 20. Petasma; d' of car. 31 mm. (Louisiana, B. 0. C. No. 31), X
9. 21. Thelycum; 9 of car. 31.5 mm. (Louisiana, B. 0. C. No. 260), X 4. Length of 1 mm.
indicated at each drawing.

lobe, projects posteriorly as a large fleshy flap bearing an extensive and conspicu
ous spinous armature. The distomedian lobes of the petasma are quite long.
Adrostral sulci of the carapace well defined posteriorly; usually about equal
in breadth to the median carina which separates them (measured at a point a
little before their posterior ends). Median carina sharply and continuously
sulcate. Supraorbital carina well defined, its weak anterior part shorter than
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the sharper posterior part. The carina forming the posterodorsal border of the
antennal sulcus usually extends to within about one-third its own length of the
orbital angle. Rostrum usually to the end of the antennular peduncle, armed
above with 8 to 12 teeth, usually 9 or 10. Dorsolateral sulci of the sixth pleonic
somite from one-fifth (or less) to three-fifths as wide as the interval separating
their dorsal lip from the midline (measured at a point about one-third in advance
of the posterior end); usually widely open in Brazilian material, often very
narrow or even completely closed in northern material, but ranging to as narrow
as two-fifths in the former, and to as broad as three-fifths in the latter.
Third legs rather short, reaching from to the middle of the second segment of
the antennular peduncle to the length of the dactyl beyond the peduncle (slightly
longer in juveniles than in adults); often not to the end of the peduncle in
Brazilian material, often beyond it in more northern specimens.
REMARKS: Penaeus brasiliensis as here restricted most nearly resembles the
Pacific American species Penaeus californiensis Holmes (Burkenroad, 1938,
p. 67). Like that form it is distinguished from all of the other American species
of the group by the extended anteromedial corners of the lateral plates of its
adult thelycum; and by the projecting tip of the distoventral lobe of its petasma,
and the large size and conspicuous armature of the posteriorly protruding fold
of the distolateral lobe. P. brasiliensis is distinguished from P. californiensis by
the less extensive carination of the posteromedian part of the median plate of its
thelycum (which in the latter form bears a well-defined ridge running anteriorly
from the posteromedian knob which is alone represented in P. brasiliensis); and
also by the usually blunter and shorter free tip of the distoventral lobe of its
petasma, and the modally more numerous spines which arm the anteromedian
edge of this lobe.
Although the adult genitalia are recognizable at a glance, it is rather difficult
to distinguish sexually undeveloped specimens of P. brasiliensis from those of
related Atlantic species, since the more or less constant non-genital distinctions,
which make easier the recognition of juveniles of the two Pacific American
species, seem not to be developed among the Atlantic forms. The most useful
criteria are the following: down to a carapace length of 12 mm. at least, some
trace of a median carina is visible on the posterior part of the median plate of
females of P. aztecus and P. duorarum; thus all but the smallest juvenile females
of these two forms may be separated from P. brasiliensis (which never has the
ridge). Some trace of the spinules which arm the external margin of the dis
toventral lobe of the petasma of P. duorarum is visible down to a carapace length
of 12 mm. at least, so that all but the smallest juvenile males of this species may
be separated from P. brasiliensis. Juvenile males of P. brasiliensis may fre
quently be differentiated from P. aztecus in the North American region by the
usually narrower sulci of their sixth pleonic somite; in the Caribbean area by
their broader adrostral sulci and well-defined, continuous median carapacic
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sulcus; in Brazil by their usually broader sixth pleonic sulci and well-defined,
continuous median carapacic sulcus.
Penaeus duorarum,

----l

fM. NoS'

\o8
iD9

MATERIAL:

Form A

n. sp.

Figures 18, 19, 23, 25, 26, 27

GULF OF MEXICO

:l.so'1)-2 ci', 2 11. B. 0. C. 801. (HOLOTYPE and COTYPEB). Off Alabama ("Atlantis" St. 2813).
19 fathoms, March 20, 1937.
1q�)-1 11. B. 0. C. 6. Pensacola Bay, Florida. February 20, 1932.
11s):.2 ci', 1 11. B. 0. C. 7. Pensacola Bay. March, 1932.
1, '-2 ci', 1 11, B. 0. C. 802. Pensacola Bay. 5 fathoms, March 11-16, 1935.
y2 d', 2 11. B. 0. C. 808. Off Pensacola Bay. 5 fathoms, March 23, 1935.
c).3 ci', 6 11. B. 0. C. 804. Off Englewood, Florida. 4 fathoms, January 7, 1936. Bass
Biological Station.
ci', 5 11. B. 0. 0. 805. Off Englewood. 4 fathoms, January 14, 1936. Bass Biological
Station.
,\i-t..,:}-20 ci', 5 11. B. O. 0. 806. Sanibel Island, Florida. Shore, June, 1935. Miss M. Storey .
. 1 11. P. M. N. H. Tortugas Islands, Florida.
·: ·.. 1 11. M. C. Z. 1521. Tortugas Islands. Whitehurst.
0 b)
11,,., ··• 1 11. M. 0. Z. 1301. Tortugas Islands. Holder.
2 d', 1 11. M. C. z. 4384. West of Tortugasislands (24° 36'N. , 84° 05'W.). "Blake"St.
29. "955 fathoms"[IJ.
1 ci'. U. z. M. C. Vera Cruz. Liebman.
2 ci', 1 11. M. 0. Z. 4170 and 7211. Alacran Reef (4 miles west of Whale Rock), Campeche
Bank, Mexico. "Blake" St. 37, 35 fathoms.
: i.'¥1�}1 11- B. 0. C. 5. Double-Headed Shot Cay, Straits of Florida. 3 fathoms, March 7, 1925.
. "Pawnee II."
ATLANTIC NORTH AMERICA

lt-8_,)--1 ci', B. 0. 0. 307. Key Largo, Florida. March 19, 1934. Mr. M. B. Bishop.
i."f.11)-3 ci', 2 11- B. 0. 0. 13. · Off Miami Beach, Florida. Surface, February 21, 1927. "Paw
nee II."
, ,i,,, i.tt'l)3 ci', 2 11. P. M. N. H. Mouth of Indian River, Florida. March 21, 1874. Palmer.
,1i-1•11)-l 11, P. M. N. H. Indian River.
"'•11-'l"llr)l ci'. B. 0. 0. 88. Off Matanzas Inlet, Florida. 8-10 fathoms, April 2, 1934. Mr. M. B.
Bishop.
4,IOS� d'. M. C. Z. 1522. Charleston, South Carolina •
• 44� ci', 2 11. P. M. N. H. Fort Macon, North Carolina. Yarrell.
1fttll,.).1 11. P. M. N. H. Fort Macon. Contes.
1i,.7B'•)l 11. P. M. N. H. Off Cape Hatteras, North Carolina. (35° 21' N., 75° 25' W.). 11
fathoms, October 19, 1874. "Albatross" St. 2286.

d',
11.

B.
B.
P.
P.

BERMUDA

O. 0. 308. Mullet Bay. 3 feet, January 27, 1935.
0. C. 309. Ferry Reach. Surface at light, 1936.
M. N. H. 857. Gilbert Island Bay. November 19, 1905.
M. N. H. Fairyland Creek. Seine, November 30, 1915.

FormB
1 11.
f'Hll+'llf,P ci',

CARIBBEAN and ANTILLES

B. 0. C. 298.
B.

o. o. 221.

Havana Harbor, Cuba. Fel>ruary 1, 1932. "Mabel Taylor."
Guantanamo Bay, Cuba. April 22, 1933. "Atlantis."

-.
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cl', 1 9. N. M. W. Cuba. Poppig.
cl', 12 9. Z. M. U. B. Cuba. Gundlach.
(t.-1'1�)-i cl' . B. 0. C. 10. Siguanea Bay, Isle of Pines. April 6, 1925. "Pawnee II."
1 cl', 1 9. N. M. W. East Mexico. Bilimek.
('/PM. 41,°IS}-2 cl', 1 9. B. 0. C. 299. Turneffe Cay, Gulf of Honduras. April 21, 1925. "Pawnee
II."
1 cl', 6 9. · B. O. C. 300. Kingston, Jamaica. Market, February 1, 1934. "Atlantis."
(YA-\,li,1'15')--1 9. P. M. N." H. Jamaica. March 1-11, 1884. "Albatross."
4 9. D. T. R. 27193. Port au Prince, Haiti. From gut of fish.
1 cf'. D. T. R. 27270. Port au Prince.
1 cl'. D. T. R. 27402. Port au Prince. From gut of snook.
1 cl', 1 9. D. T. R. 27415. Port au Prince.
12 cl', 17 9. D. T. R. Bizeton, Haiti. March 1, 1937.
1 cl', 1 9. D. T. R. St. John, West Indies. "Antares."
(YPM •. k-'t"!J:?10 cl', 12 9. B. 0. C. 95. Limon Bay (mouth of Sweetwater River), Canal Zone. Shore
C.'fl'M' lt-1'\il'Y
(seine). February 12, 1934.
8 cl', 4 9. P. M. N. H. Sabanilla, Colombia. Shore. 1884. "Albatross."

�

WEST AFRICA
9. B. M. (N. H.). Ruflsque Island, Senegambia. Maltzan.
cl', 5 9. (+ 9 indet.). B. M. (N. H.). Murray Town, Sierra Leone.
cl'. N. JJ.,[, W. Dakar, Senegambia. "Helgoland."
9. z. M. U. B. Goree, Senegambia. v. Maltzan.
9. Z. S. S. M. Keta, Togo.
cl', 2 9. M. C. S. N. NI. Kotonow, Dahomey.
9. Z. S. S. Af. Duala, Kamerun. v. Eitzen.
9. Z. M. U. B. Victoria (?), Kamerun.
9. JJ.f. C. Z. 7240. Dahomey, West Africa [Lac Aheme (?)]. Hubert.
cl', 1 9. B. M. (N. H.). Whydah, Dahomey.
9. B. M. (N. H.). Off Lagos. Cadman.
cl', 1 9. A. M. N. H. 11734. Banana, Belgian Congo. July, 1915. Lang-Chapin Congo
Expedltion.
1 9. Z. M. U. B. Congo Mundung. 2/X/1898. D. T. E.
1 cl'. A. M. N. H. 6930. Lobito Bay, Angola. May 2, 1925.
2
4
1
1
3
3
1
2
1
1
2
1

In the largest available female specimens, the types from off Alabama in 19
fathoms, carapace length is respectively of 50.8 mm. (total length about 190 mm.)
and 48 mm. Males from the same haul measure 37 mm. and 34 mm. Males
also of "Form A" from Alacran reef in 35 fathoms measure 39 and 35 mm., the
female 42 mm. The female of "Form A" from off Hatteras in 11 fathoms has a
carapace of 41 mm. The largest American specimens of "Form B," from
Bizeton, Haiti, have a carapace length in females of 34 mm., in males of 25 mm.
The largest African female, from off Lagos, has a carapace of 47 mm.; the
largest male, from Murray Town, of 26.5 mm.
The smallest males with joined petasmal endopods have a carapace of 15 mm.;
the smallest impregnated females, of 23 mm.
DIAGNOSIS: Posteromedian part of the median plate of the adult thelycum
with a well-developed undivided longitudinal carina extending anteriorly for a
variable distance toward the semicircular anterior part of the elevation. Lateral
plates of the adult thelycum a little produced anteromedially but never meeting
medially at their extreme anterior ends, being instead somewhat to considerably
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divergent, and thus clearly exposing the carina of the posteromedian part of the
median plate.
Medially curved distal ends of the distoventral lobes of the petasma not pro
jecting free of the distolateral lobes; external edge of the distoventral lobes
scabrous, with a series of 2 to 12, usually 4 to 7, spinules which may be minute
but are usually distinct even in exceedingly small unjoined petasmata. Median
or attached edge of the distoventral lobes, on the anterior side, with a compact
group of 6 to 16 very large, long, sharp, curved spines. Fold of the distolateral
lobe rather small, protruding very little on the posterior side of the petasma and
armed very inconspicuously if at all.
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P. brasiliensis Latreille (restr.). 22. Thelycum (posterior parts of median plate of XIII
exposed by removal oflateral plates of XIV); 9 ofcar. 28 mm. (Brazil, B. 0. C. No. 318), X 9.
P. duorarum n. sp. 23. Thelycum (median plate); 9 ofcar. 25 mm. (Pensacola, B, 0. C.
No. 7), X 9.
P. aztecus Ives (restr.). 24. Thelycum (median plate); Q of car. 19 mm. (Delaware,
B. 0. C.), x 9. Length of 1 mm. indicated at each drawing.

Third legs moderately short, often rather stout, varying in extent from to the
end of the second segment of the antennular peduncle to a chela beyond the
peduncle.
In typical P. duorarum of "Form A," from North America, Double-Headed
Shot Key, and Bermuda, the dorsolateral sulci of the sixth pleonic somite are
narrower, and although they may be open to a breadth of one-third the interval
to the midline, are characteristically almost or entirely closed. In P. duorarum
of "Form B," from the Antilles, the Caribbean coasts of North, Central and
South America, and from Africa, the dorsolateral sulci of the sixth pleonic somite
are broadly open, their breadth being from one-half to more than equal the inter
val from their dorsal lip to the median line (measured at a point about one-third
in front of the posterior margin of the somite.
According to notes made on the freshly-captured specimens, the large adults
of P. duorarum taken off Alabama were dun-colored, rather than bright orange
like P. aztecus from deep water.

34

Bulletin of the Bingham Oceanographic Collection

[VI:6

REMARKS: P. duorarum is not represented in Pacific America by any species
with jO"eater resemblance to it than to the other Atlantic species. It appears to
be most closely related to P. brevirostris and P. aztecus, especially in that the
lateral plates of the thelycum do not meet anteromedially to conceal the postero
median part of the median plate, and in that the distoventral lobes of the
petasma do not extend free of the distolateral lobes; the carination of the median
plate of the thelycum, however, resembles that of P. californiensis. In petasma
P. duorarum perhaps more nearly resembles P. brevirostris than P. aztecus, in
. the small size and weak or absent armature of the posterior protrusion of the fold
of its distolateral lobe, and in so far as the armature of the external margin of
its distoventral lobe may represent extension of the series of one or two spinules
found at the distal end of the lobe in P. brevirostris.
Juvenile males of P. duorarum are recognizable by the development even at
very small sizes of the spinose armature of the external margin of the disto
ventral lobe of the petasma. Juvenile females are easily distinguishable from
P. brasiliensis by the carination of the median plate of the thelycum; from the
Pacific relative of P. brasiliensis, P. californiensis, however, they are not dis
tinguishable at small sizes where (as in all species of Penaecus with enclosed
thelycum) the lateral plates recede from one another; nor do they differ con
spicuously in thelycum from small specimens of P. aztecus (and the Pacific
P. brevirostris) in which the anterior bifurcation of the carina of the median
plate is not clearly indicated. Juvenile females of P. duorarum from North
America ("Form A") may be separated from those of P. aztecus of "Form A"
from the same region by the fact that the sulci of the sixth pleonic somite of the
former are very narrow, those of the latter broad. In the Caribbean, peculiarly
enough, this difference is reversed, the pleonic sulci being narrower in P. aztecus
of "Form B" than in P. duorarum of "Form B"; but in this area a clear differ
ence is provided by the narrowed adrostral sulci and shallow discontinuous
median carapacic sulcus of "Form B" of P. aztecus.. P. duorarum is absent from
South America.
Penaeus aztecus Ives, restricted
Figures 20, 21, 24, 28, 29, 30, 31, 32, 33
Penaeus brasiliensis aztecus, Ives, 1891, p. 190, part.
Penaeus brasiliensis, auct., part; Ortmann, 1891, T. XXXVI, fig. le; Burken
road, 1934a, figs. 8, 9.

Form A
P. A. N.

s.

GULF OF MEXICO
61.

Vera Cruz, Mexico. Heilprin
Expedition.
('lfM: 1+'1',V)-1 o'. B. 0. C. /JO. Oft Pass a Loutre, Louisiana. 12 fathoms, January 1931.
('IPM: 1+-1,, }-2 o', 1 II. B. 0. C. 31. 30 miles south of Baratarla. Pass, Louisiana. 16 fathoms, August
6, 1930.
11 o', 7 \l.

i
I

MATERIAL:

(HoLOTYPES and CoTYPES).
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97 <i', 190 !i!. B. 0. C. 257-269. Off Louisiana. ["Atlantis" Stations 2819, 2823, 2822,
2828, 2830, 2837, 2838, 2840, 2853 (2, 3, 5-13)]. 12-70 fathoms, March 22-April 10, 1937.
"Atlantis."
,,.i: 4-1'� <i', 8 !i!. B. 0. C. 116. Pensacola Bay, Florida. Shrimp-trawl, September 9--15, 1932.
'-1,43 <i', 55 9. B. 0. C. 310-312. Pensacola Bay. 5 fathoms, March 11-16, 1935.
.,,
l'\.'lt'f��.
ATLANTIC NORTH AMERICA

2 <i', 2 !i!. B. 0. C. 313. Off south shore of St. Augustine, Florida. Shrimp trawl, October
1, 1935. Mr. Y. H. Olsen.
:41,!i)- 1 !i!. B. 0. C. 314. Off Charleston Harbor, South Carolina. Shrimp trawl, October, 1935.
Mr. G. R. Lunz, Jr. and Mr. Y. H. Olsen.
2 <i', P. M. N. H. Fort Macon, North Carolina. Yarrell.
1 rJ'. M. C. Z. 1513. Great Egg Harbor, New Jersey. Baird.
47 <i', 38 9. B. 0. C. Delaware Bay and Atlantic coast of New Jersey (Wildwood to
Brigantine). 4 fathoms or less, August 26-October 17, 1932. Dr. A. E. Parr.
(4t>l'ff

lt'f,�J

1 !i!.

Z. M. U. B.

Cuba.

FormB
1 <i',
:41'10)-1 rJ',

Gundlach.

CUBA

ATLANTIC NORTH AMERICA

B. M. (N. H.).

B. 0. C. 315.

"North America. Dr. Yarrell."
Key Largo, Florida. March 19, 1934.

Mr. M. B. Bishop.

CARIBBEAN and ANTILLES
1 rJ', 1 !i!, Z. M. U. B. Cuba. Gundlach.
2 rJ', N. M, W. Cuba. "Saida."
rJ'. N. M. W. Cuba. Poppig.
!j.>. N. M. W. East Mexico. Bllimek.
<i', 1 !j!, B. 0. C. 114. Kingston Harbour (western end), Jamaica. 4 feet, February I, - �(�10).
1934.
,i.,'t,s)-5 <i', 4 !j!. B. 0. C. 115. Kingston, Jamaica. Market, February 1, 1934.
1 rJ', P. M. N. H. Jamaica. March 1-11, 1884. "Albatross,"
1 <i', 1 !j!. B. M. (N. H.). "St. Domingo,"
5 rJ', 2 9. D. T. R. St. John, West Indies. "Antares."
1 <i', 1 9 (+ 4 indet.). B. M. (N. H.). Barbadoes. Beekford.
,1i-':f,�1 9. B 0. C. 97. Colon (in French Canal), Canal Zone. February 10, 1934. Mr. M. B.
lt'lt'::)
Bishop.
:- ,.
29 rJ', 23 9. P. M. N. H. Sabanilla, Colombia. Shore, March 16-24, 1884. "f'lba
tross."
1 9. M. C. Z. Magdalena River, Colombia (in lagoon 100 miles from the sea). May 31,
1873. Smith.
ATLANTIC SOUTH AMERICA

(�o,..i

2 rJ', 3 9.
2 rJ', 4 !j!.
3 <i', 2 9.

FormC
1
1
2
1
1

B. 0. C. 316, Brazil (Sao Luiz do Maranhao (?)].
N. M. W. Bahia. "Saida,"
U. Z. M. C. Rio de Janeiro, Brazil. Kroyer.

Dr. R. Von Ihering.

ATLANTIC SOUTH AMERICA

!j!. Z. S. S. M. Pernambuco. Fischmarkt. Prinzessin Therese.
rJ', 1 !j!. Z. S.S. M. Santos. April, 1932. Krieg.
9. Z. S.S. M. Rio de Janeiro. Essendorfer.
rJ', 2 9. N. M. W. Rio de Janeiro. "Novara."
9. B. 0. C. 317. Rio de Janeiro, Brazil. Market (?); May (?).
through Mr. M. W. Feingold.

Dr. C. Moreira,
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cl', 2 11. P. M. N. H. 161. Rio de Janeiro.
d', 13 11. M. C. Z. Rio Grande [do Sul (?)], Brazil. Harrington.
d', 2 11. B. M. (N. H.). Rio Grande (do Sul (?)]. Von lhering.
cl', 2 11. I. Z. M. U. T. Montevideo.

Largest female, from off Louisiana in 70 fathoms ("Form A") carapace 53
mm., total length 201 mm.; largest male, off Louisiana in 46 fathoms, carapace
39 mm., total 179 mm. Holotype female, "Form A," carapace 11.2 mm.

29

11�·--······ .. ,_ ............... t.':'-
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Figures 25-29

P. duorarum, n. sp., Form A. 25. Sixth pleonic somite (posterodorsal part in lateral
v iew); 11 of car. 29 mm. (Pensacola, B. 0. C. No. 303), X 6.
P. duorarum, n. sp., Form B. 26. Sixth pleonic somite; !i! of car. 24 mm. (Havana,
B. 0. C. No. 298), X 6. 27. Carapace (posterior pari, dorsal v iew); as 26, X 6.
P. aztecus Ives (restr.), Form B. 28. Sixth pleonic somite; !i! of car. 22 mm. (Rio de
Janeiro, Un. Zool. Mus. Copenhagen), X 6. 29. Carapace; as 28, X 6. Length of 1 mm.
indicated at each drawing.

Largest male and female of "Form B," from [northern ?] Brazil, respectively
26.5 mm. and 20 mm. in carapace length. Largest male and female of "Form
C," from Rio de Janeiro, Brazil, 30 mm. and 46 mm.
Smallest impregnated female of carapace 30 mm. ("Form A"). Smallest
males with joined petasmal endopods, 17 mm. ("Form B")-23 mm. ("Form
A").
DIAGNosrs: Posteromedian elevation of the median plate of adult and sub
adult females with a median posterior protrusion or carina which divides into a
pair of divergent ridges extending anterolaterally along the edges of the eleva
tion. These ridges often converge again anteriorly, so that the posteromedian
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elevation of XIII often has, in ventral view, the appearance of a diamond
shaped "prominence with a concave ventral surface."1 Lateral plates of sternite
XIV in adult females not produced anteromedially to meet in the midline, but

32
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Figures 30-33

=·

P. aztecus Ives (restr.), Form A. 30. Sixth pleonic somite {posterodorsal part, lateral

view); !i1 of car. 26.5
(Louisiana, B. 0. C. No. 260), X 5.7. 31. Carapace (posterior
part. dorsal view); as 30, X 5.7.
P. aztecus Ives (restr.), Form C. 32. Sixth pleonic somite: !i1 of car. 46 mm. (Rio de
Janeiro; B. 0. C. No. 317), X 5.7. 33. Carapace; as 32, X 5.7. Length of 1
indicated
at each drawing.

=·

1 The precise outline varies, however, from a very elongate figure to a broad
ellipse; the relative height of the ridges varies, so that the surface which they enclose
may be merely plane rather than depressed below them; the enclosed surface may
occasionally bear a median longitudinal carina anteriorly, which very rarely con
tinues back to the point of divergence of the boundary ridges; the extent of the bound
ary ridges anteriorly from their point of divergence varies, as well as the size of the
median ridge posterior to the point of divergence. At carapace lengths below 24
mm., the posteromedian carina may appear as a simple ridge without bifurcation.
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instead separated by the posteromedian elevation of XIII which is thus prom
inently exposed to view; ventral surface of the lateral plates not pubescent.
Medially curved distal ends of the distoventral lobes of the petasma not pro
jecting free of the membraneous distolateral lobe; external edge of the distoven
tral lobes unarmed although one or two spinules may straggle out to project
from the distal end; median or attached edge of the distoventral lobes, on the
anterior side, with several compact series of short, crowded spines massed near
the distal ends of t.he lobes. The fold of the free margin of the distolateral lobe,
just median to the end of the distoventral lobe, projects posteriorly as a rather
fleshy flap bearing a moderate spinous armature. The appendix masculina of
the male second pleopods has a more or less straight, or only slightly concave,
external margin.
In the typical P. aztecus of "Form A" [the North American and Bermudian
specimens (except that from Key Largo and the one in the British Museum
which, since collected by Yarrell, presumably comes from Cape Lookout); and
one of several Cuban specimens of the species], the adrostral sulci of the carapace
are well defined posteriorly and are distinctly broader than the carina between
them; the median carina is distinctly and continuously sulcate, and the dorso
lateral sulci of the sixth pleonic somite are broadly open, their breadth being
from three-fourths to equal the interval between their dorsal lip and the midline
(measured at a point about one-third before the posterior end of the segment).1
The third legs are modally rather long, extending about a dactyl beyond the
antennular peduncle; they range from even with the peduncle to as much as a
tenth of the carpus beyond, the greatest relative lengths occurring only in the
largest specimens. In specimens from Pernambuco and Santos, part of those
from Rio de Janeiro, and those from Rio Grande, Brazil, comprising "Form
C," the sulci of the sixth pleonic somite are extremely narrow (their width less
than a third of the interval between their dorsal lip and the midline) and are
sometimes entirely closed. The adrostral sulci are much as in the northern
form, but the median sulcus of the postrostral carina is very shallow, and the
excavated sections of it frequently are separated by plane, unsulcated intervals.
The posteromedian elevation of XIII in females seems to tend to be more elon
gate and slender than is usual in "Form A," though it is variable in shape. The
third legs do not reach beyond the antennular peduncle. Specimens from Sao
Luiz (?), Bahia, and Rio de Janeiro in Brazil, from the Caribbean, the majority
of those from Cuba, and from Key Largo in southern Florida, and possibly from
Cape Lookout, comprising "Form B," differ from other material from Brazil
and North America in that the adrostral sulci are narrower, usually much nar
rower than the median carina, and tend to be very ill-defined posteriorly; the
sulci of the sixth pleonic somite, although narrower than in the northern "Form
1 The sulci of the sixth pelonic somite were unfortunately not examined in the
types, from Vera Cruz, but it seems probable that these are of "Form A."

J
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A," range up to one-half as broad as the interval between their dorsal lip and
the midline, and the dorsal lip is frequently low and ill-defined. The postero
median elevation of XIII in females tends to be more broad and oval than in
Forms "A" and "C." The modal length of the third legs seems to be about
midway between that of the south Brazilian specimens and North American ones.
REMARKS: Penaeus aztecus most nearly resembles the Pacific American P.
brevirostris Kingsley (Burkenroad, 1938a) and like it is distinguished from all of
the other American forms by the bifurcation of the carina of the posteromedian
elevation of the median plate of adult females; and also by the fact that in some
individuals of either species the adrostral sulci may be very narrow and posteri
orly ill-defined, and the sulcus of the postrostral carina shallow and discontinu
ous. It is interesting that the chiefly Caribbean "Form B" of Penaeus aztecus
comprises those individuals which most nearly approach the narrowly sulcate ex
treme variants of P. brevirostris, both geographically and in structure. P. aztecus
is, however, quite distinct from P. brevirostris; especially as regards its supra
antennal and supraorbital carinae which resembles those of the other American
species in being respectively longer and sharper than in A brevirostris; the
absence of pubescence from the lateral plates of its thelycum; the greater length
of the distomedian lobes of its petasma, the more extensive posterior protrusion
and armature of the fold of the distolateral lobe of its petasma; the infrequent
occurrence in only very weak spinules on the distal end of the distoventral lobe
of its petasma; and the triangular or weakly falcate rather than conspicuously
curved form of its appendix masculina.
The thelycum of juvenile females of P. aztecus, at carapace lengths between
24 and 11 mm., is sometimes difficult to distinguish from that of P. duorarum
since at these small sizes the carina of the posteromedian elevation of XIII in
P. aztecus may be no more than a short ridge not continued into a pair of diver
gent arms anteriorly. In females of P. aztecus of carapace less than 11 mm. the
ridge is never continued anteriorly and may disappear altogether. The dis
tinction of juvenile females of P. aztecus from P. duorarum (and also of juvenile
males of P. aztecus from P. brasiliensis) therefore depends upon regionally vari
able differences between the forms in shape of the sulci of the carapace and sixth
pleonic somite.
DISTRIBUTION: According to the available records of the three Atlantic
species of the Penaeus brasiliensis group, there are quite considerable differences
in distribution between the different forms. In particular, the-material is per
haps sufficient to establish the presence of P. duorarum alone of the three in
Africa, and the absence of this species from Brazil and Louisiana; the presence
of P. aztecus alone north of Cape Hatteras, south of Rio de Janeiro, and in
Louisiana, its absence from Haiti, southwestern Florida and Bermuda; the
absence of P. brasiliensis from the northeastern Gulf of Mexico. The points of
origin of the material available for critical determination are roughly indicated
in figure 34.
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An attempt to correlate the apparent differences in distribution with geo
graphical differences in salinity or temperature has not met with very much
success, as the succeeding paragraphs will show. Before entering into the de
scription of this attempt, some points affecting the interpretation of the data at
hand may be made clear. In the first place, no very complete information is

Figure. 34. Distribution of available records of Atlantic species of the Penaeus urasili
ensis group. Circles = P. brasiliensis; squares = P. duorarum: triangles = P. aztecus. Hori

>

zontal bars = surface salinity
36° /oo; stipple = surface salinity 35-36° /oo; blank =
surface salinity < 35°/oo. Vertical bars = annual mean surface temperature 20 "-25 ° C.
Temperatures and salinities after Schott, 1926.

readily available as to the temperature and especially the salinity of the shallow
waters to which adults and juveniles of the group are limited; for example, the
records from Sabanilla, Colombia, probably refer to estuarine water of low
salinity at the mouth of the Magdalena River, and not to a salinity greater than
37.25°100 such as is indicated for the surface of the neighboring waters during
March by Bohnecke, 1936. Even the salinity of the neighboring off-shore
waters is very doubtful or is unknown in many important regions for part or
all of the year; and aside from sometimes disturbing conflicts between informa-
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tion for the samt area and season derived from different authors, such other
types of difficulty might be cited as that of understanding the position at which
the 36°/00 isohaline reaches the African littoral (the annual mean position being
shown as south of 20° N. lat. in Bohnecke's B. XXVII, but as north of 20° N.
lat. in all four of his three-month means). In the second place, the habitats of
larva, juvenile and adult are quite distinct in P. aztecus at least (vide pp. 45, 51)
and possibly in all of the P. brasiliensi,s group, and it seems quite probable that
these differences relate to different optima or ranges of tolerance of salinity and
temperature in the different stages. Since all of the stages seem to be capable
of considerable movement, it is thus possible for a geographical region unsuited
to the maintenance of a complete, permanent population to possess a partial or
a temporary population, as in New Jersey where (vide p. 50) juveniles only of
P. aztecus seem to occur, and during the warm months only. Except for a few
regions, most of the available records are based on small single or uniseasonal
samples of one stage only; and thus for example even if some positive idea could
be formed of the environment concerned no very useful inference could be
drawn from the fact that P. aztecus is recorded both from Sabanilla and from Rio
de Janeiro, since material from the former region is juvenile, from the latter
sub-adult or adult, and since the assumption that other stages of the species
would occur in the same geographical area is not certainly permissible. In the
third place, the number of records available, small enough in relation to the
enormous distances over which they are scattered, is in effect still further reduced
by the morphological subdivision of P. aztecus and P. duorarum, since there is
no reason why these structurally distinguishable forms, which occupy distinct
geographical ranglls, should not differ from one another in physiological modes as
well. By reason of the paucity of material, the species have been treated as
units in subsequent paragraphs, but there is no reason, for example, to believe
that P. aztecus Form B may not have higher thermal and saline optima than
Forms A and C.
Bearing in mind the meagerness of the evidence and the uncertainties of inter
pretation outlined above, the distribution of records of the Atlantic species of
the P. brasiliensis group may be examined in relation to the distribution of tem
peratures as shown by Bohnecke, 1936. It would appear that the extreme
limits of range of the group as a whole coincide more or less closely with the
positions of the annual mean surface isotherm of 20° C. (or of the maximum posi
tions of the 25° isotherm). P. aztecus is recorded from beyond this limit both in
North and in South America; indeed (assuming that the well-known record of
"P. brasiliensis" from Martha's Vineyard refers to this species) it ranges at
both extremes even beyond the maximum position of the 20° isotherm; but there
is reason to believe that records of this species from north of Cape Hatteras at
least refer to transient individuals in the warmer months. It is clear that the
species do not always range, even as transients, as far as do the 20° isotherms,
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since P. duorarum is not known from north of Cape Blanco. Op the other hand,
all of the species are clearly indicated to be regular inhabitants of areas lying
outside of the minimum extent of the 20° surface isotherms. It would seem that
adults of P. aztecus in Louisiana are inhabitants of bottom water rarely reaching
a temperature as high as 20°.
The available evidence is not incompatible with the possibility that a tem
perature higher than 20° C. during some part of the year may be necessary for
the maintenance of a self-contained population of the species of the P. brasilien
sis group. But that the differences in distribution between the species within
extreme limits imposed by temperature can be related to differences in tempera
ture seems much more unlikely. Thus P. duorarum occurs, in Africa and in
Bermuda, beyond the minimum position of the 20° isotherm and the mean of
the 25° isotherm, and in the Antilles within the minimum position of the 25°
isotherm; consequently it is difficult, in such an undetailed view as the scarcity
of data requires, to see any relation to temperature in the absence of this species
from Louisiana and Brazil. In the same way the occurrence of P. aztecus both
within the area of temperature permanently higher than 25° and beyond the
position of the 25° mean seems to exclude temperature as the affect responsible
for the absence of this form from Haiti, southwestern Florida, and Bermuda;
and the same may be said of the absence of P. brasiliensis from the northeastern
Gulf.
The relation of distribution to salinity at first glance appears to suggest an
explanation for the differences between the species, such as temperature can
hardly provide according to the preceding paragraphs. Thus, it is immediately
obvious that the regions (Haiti, southwestern Florida, Bermuda) from which
P. aztecus is certainly absent are of much higher salinity than those (Louisiana,
Atlantic United States between Capes Canaveral and Hatteras, Brazil south of
Cape Frio) in which complete and permanent populations of this species may be
with considerable probability be assumed to be present. P. aztecus occurs in all
twelve of the areas in Atlantic America from which members of the group are
available, in which the general surface salinities are indicated to fall below
35.75° /oo at some time of the year; whereas the species is known only from six
of the thirteen such areas in which the general salinities are indicated not to fall
below 35.75°/oo- In incomplete but still effective contrast to P. aztecus, P.
brasiliensis seems to occur most conspicuously in the areas of highest salinity;
thus it is only in the southeastern portion of the Gulf of Mexico that the mini
mum salinities are indicated by the various available sources never to fall below
36°loo, and it is only from this region of the Gulf that P. brasiliensis has been
recorded (together, however, with P. aztecus); the species is dominant (and P.
aztecus is absent) at Bermuda, where the salinity seems constantly of the order
of 36.50°/oo. In central Brazil, where the coastal salinities are the highest in
America, both P. brasiliensis and P. aztecus occur; but it is not impossible that
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at, for example, Bahia, the presence of the latter is referable to a local availability
of river discharge. Other areas (Rio de Janeiro, St. Croix and St. Thomas,
Sabanilla, Haiti, Cape Hatteras) from which P. brasiliensis has been recorded,
from all of which except Haiti P. aztecus is also known, are not clearly distin
guished by salinity constantly at the highest level; but on the whole, it is per
haps possible to say that P. brasiliensis is dominantly found in the areas of
higher, P. aztecus in the areas of lower salinity. It is perhaps worth note that
the distribution of the Pacific-American P. brevirostris and P. californiensis,
respectively most closely related to P. aztecus and to P. brasiliensis, seems to
conform to what might be expected if salinity is a significant affect of the distri
butions of these species; since P. brevirostris is found to the south where, after
Schott, 1935, the salinities are on the whole lower than in the north where P.
californiensis finds its center. Inasmuch as P. aztecus occurs in areas of lower
temperature than those most frequented by P. brasiliensis (although the reverse
seems not to be true), it is of interest as strengthening the suggestion that tem
perature within the critical minima plays little part in determining differences
in distribution of the species, to observe that the Pacific congener of P. aztecus
occurs at temperatures which seem on the whole higher than those of the area
in which the Pacific congener of P. brasiliensis is centered; the distribution of
equivalent forms in the two oceans is thus reversed in relation to temperature,
whereas the relation to salinity is the same.
So far, the conception of differences in response to salinity as prime determin
ers of the differences in distribution of members of the P. brasiliensis group is
perhaps acceptable; although certain possible difficulties of detail have not re
ceived sufficient emphasis. But upon examination of the distribution of P.
duorarum, this acceptability disappears; since this species, although it occurs in
the high salinities of Bermuda, Yucatan and Haiti and in the lower ones of
northwestern Florida and the Gulf of Honduras, is not included at all in the
relatively quite extensive samples from Brazil. A still greater difficulty appears
in the fact that, while the relative abundance of P. duorarum in the northern
Gulf of Mexico seems most obviously to increase as does the salinity (the species
being the only one present at Sanibel and Englewood, less abundant than P.
aztecus at Pensacola, and completely replaced by the latter in the low salinities
of Louisiana), the species occurs at very low salinities, in physical environments
seemingly not greatly different from those off the Mississippi River, through the
major part of its African range.
An hypothesis capable of reconciling the evidence apparently for with the
evidence apparently against the control of distribution by salinity in the P.
brasiliensis group is perhaps too easy to construct in the almost complete absence
of really decisive information. Such an hypothesis might, however, have some
value as a target for future investigation, and may therefore be offered. The
species of the P. brasiliensis group are extremely similar one to another (as
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clearly demonstrated by the fact that they have not until the present been dis
tinguished); and so far as random observations, made before it was realized that
more than one species existed, can serve to show, their habits are not very
different; they therefore seem eminently suitable forms between which to assume
that effective competition may occur. It might then be considered that while
the range of tolerance of salinity is very wide in all three species, the optimum
salinity for P. aztecus is low, that for P. brasiliensis is high, and that for P.
duorarum undecided or intermediate. Allowing effective competition, the unique
or dominant occurrence of one of the species at its optimum salinity might thus
be thought to refer not to a lack of tolerance for this salinity on the part of the
other species but to their inability to compete at this salinity with the species
whose optimum it represents. If it should further be assumed that P. aztecus,
the species with the lowest optimum, is the one least able to traverse the Atlantic
(by reason of an inability to utilize the oceanic islands, as Bermuda, for stepping
stones), then the explanation of the occurrence of P. duorarum off the Congo
and the Niger but not off the Mississippi might refer to the presence of P.
aztecus in the last of these areas alone. The apparent absence of P. duorarum
from Brazil remains a difficult question, but it might be considered that in a
large part of the more northern regions of America in which P. duorarum occurs
or prevails the distributions of the extremes of salinity seem much more limited,
shifting and broken than in Brazil, and the extent and continuity of the areas
intermediate or undecided in salinity much greater than in the latter region.
In these circumstances, Brazil might be better adapted than for example the
Caribbean to the production of populations of P. brasiliensis and P. aztecus so
dense and permanent as themselves to spread into the rather limited areas be
tween their respective optima, to the exclusion of P. duorarum.
Nothing has been said in the paragraphs relating to salinity as to the differing
requirements of different stages of the same species, referred to at the beginning
of this section. It is shown on p. 45 that while the juveniles of P. aztecus live in
estuarine and littoral waters of Louisiana of very low salinity, the adults are
more or less limited to off-shore waters of salinity 36°/oo or above. It therefore
seems possible that the apparently low optimum salinity for this species refers
to juvenile requirements. In contrast, although juveniles of P. brasiliensis have
been taken with those of P. aztecus in presumably estuarine conditions at
Sabanilla, it seems questionable whether any very extensive brackish nurseries
can be available for this species in the coral regions in which it is most frequent;
and it might be thought that neither this species nor P. duorarum requires,
though both may, to differing extents, tolerate water of low salinity in juvenile
stages.
In the paragraph above which presents the hypothesis of limitation of dis
tribution of members of the P. brasiliensis group by interspecific competition
rather than by stenohalinity direct, it has been implied that P. duorarum has
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traversed the Atlantic from America to Africa rather than in the opposite direc
tion. The opposed conception is certainly not to be disposed of in so hasty a
manner, in view of the apparently greater facility of transport by the Equatorial
than by the Gulf Streams; another item in its support is provided by the identity
of the African with the Antillean rather than with the North American and
Bermudian form of the species which might have been expected to reach Africa
if transport had been by the west-east current; and it is also tempting to consider
that the absence of P. duorarum from Pacific America relates to its arrival in the
western Atlantic after the final closure of the transcontinental channels. But
against these contentions is the fact that the P. brasiliensis group, which is very
homogeneous and has no very nearly related congeners, includes five American
species of which only P. duorarum extends to other coasts; this would certainly
suggest an American origin for the group, although it leaves open the possibility
that P. duorarum has originated in Africa from stock drifted from the west by a
rare chance, and has subsequently established and maintained identity with an
American colony by means of the more rapid transport offered by the Equatorial
currents. This latter view would seem conciliable with all hypothetical require
ments.
NATURAL H1sTORY:1 Attention has been called by Burkenroad, 1934a, p. 90,
to the fact that while on the Louisiana coast small and immature specimens only
of "P. brasiliensis" (cf. Viosca, 1920, p. 108) of a brownish color and showing
little sexual difference in size or number, occur in the shallower waters, a catch of
large, sexually active individuals, of an orange color and including a larger pro
portion of females the maximum size of which was much greater than that of the
males, had been obtained from farther off-shore. Although it is not now certain
that occasional individuals of P. duorarum may not have been included in the
shallow-water material previously examined, it is possible to say that the great
majority at least of specimens of the ·Division taken in shallow water in Louisiana
(and all which have been taken off-shore) are referable to P. aztecus; and there�
fore, that specific differences are not involved in the previously described differ1 In a recent paper (P. Z. S. London, 1938, II, 10, pp. 163-185) on Penaeus plebejus
Hess, Dr. W. J. Dakin indicates the habits of this species to be in several respects
somewhat similar to what has been stated for the related American form P. aztecus
(P. "brasiliensis") by Burkenroad, 1934a, p. 90. In connection with Dakin's
account of the development of P. plebejus, attention may perhaps be called to the
summary of various features of peneid development by Burkenroad (1934a, pp.
116-120 and 135-137; and 1934b, p. 9), as well as to the application (1934a, p. 76,
and 1934b, p. 15) of the term SICYONINE stage to the several instars intervening
between the mysis stage and the assumption of adult form in Penaeinae [in which
as Dakin very justly observes (l. c. p. 180) "it is scarcely possible to regard the first
post-mysis stages as post-larval"]. The possibility may be noted that, according to
Dakin's figure of mysis and post-mysis larvae (l. c.), his material may have included
more than one species.
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entiation of the deep- and the shallow-water populations. The composition of
the present deep-water catches agrees very well with that of the former one and
like it suggests that the distinctive character of the sex-ratio of the off-shore
population may be the result of a difference in longevity between males and
females producing its effect in the course of several years; as will be discussed in
detail below.
From the sum of the specimens listed on preceding pages as available for
systematic study of the P. brasiliensis group, it will be noticed that, excluding
the deep-water catches of P. aztecus off Louisiana in 1937, the proportion of the
sexes is approximately 0.9 cl' /1.0 <:i1 • On the other hand, in the catches of P.
aztecus from Louisiana in March and April, 1937 (which are the only extensive
ones listed from water deeper than 10 fathoms), the ratio of males to females is
about½; the twelve fruitful hauls, in from 50 to 70 fathoms having yielded 34
males to 101 females; and the eight fruitful hauls in from 12 to 50 fathoms having
yielded 63 males to 89 females. The off-shore catch mentioned by Burkenroad,
1934a, consisted of 23 males and 54 females taken in about 16 fathoms in August,
1930. According to notes on catches made in Louisiana in 1930 and 1931 in less
than 10 fathoms (from which the previous statements as to in-shore sex-ratio are
derived), twelve fruitful hauls yielded 182 males to 199 females (a result in close
agreement with that shown by the present lists of systematic material).
In hauls from 50 to 70 fathoms, the minimum and maximum carapace lengths
in males are respectively 30 mm. and 39 mm., in females 34 mm. and 53 mm:;
from 12 to 50 fathoms the extremes are respectively 23 mm. and 38 mm., 24 mm.
and 50 mm.; in less than 10 fathoms the maximum carapace length noted for
males was evidently (according to the total lengths recorded) about 25 mm., for
females about 26 mm.,1 clearly below the minimum at depths of 50 to 70 fathoms.
Females from less than 10 fathoms are very rarely impregnated; from 10 to 20
fathoms the larger females are frequently impregnated; beyond 20 fathoms
(where the minimum size of females rises to 30 mm.) all but a single one of the
available specimens are impregnated.
It might be thought that the reduction with depth in proportion of males to
females in the Louisiana catches of P. aztecus (roughly from .9/1 at < 10 fathoms,
to 1/2 at 10-50 fathoms, to 1/3 at 50-70 fathoms) is the result of governance of
movement by size (the males, as smaller than the females, remaining in shal
lower water). However, the adoption of this view is made difficult by the fact
that the modal size of males at the greater depths is less than that of the females
at more moderate ones; as well as by the probability that almost all of the males
1 In available catches of P. aztecus from 5 fathoms in Pensacola Bay in March the
maximum is somewhat greater than that indicated in notes made in 1930 and 1931
on Louisiana shallow-water material taken throughout the range of seasons, being
32.5 mm. in females, 29.5 mm. in males. None of the Pensacola females, whether
from March or September, is impregnated; and the ovaries are very immature.
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at depths of less than 10 fathoms are not fully matured, are therefore presumably
similar to the females of the same area in age as well as in size, and consequently
cannot be equivalent to the mature off-shore females. It therefore seems more
probable that the proportion of males is progressively reduced by longer life in
the females, as the locality sampled becomes progressively more remote from the
littoral source of supply of approximately equal numbers of both sexes. Al
though the great disparity between maximum size in males (39 mm. carapace
length) and that in females (53 mm.) may result from a sexual difference in rate
of growth such as seems already to be foreshadowed by a small difference in
size at first maturity, it is on the other hand possible that theif' greater size as
well as their greater number might well be in part at least the correlate of a
longer adult life in females/ Of interest in this connection is the fact that in
1 Heldt, 1932, finds (p. 6) that amqng approximately 600 specimens of Penaeus
trisulcatus Leach of 22 samples taken throughout the year at Tunis, the males are
the more numerous sex at the smaller sizes represented, the females at the larger.
Since "Les courbes relatives aux males et aux femelles ont une correspondence
remarquable, meme allure, et on pourrait presque les amener en coincidence par un
simple changement d'axe des y pour l'une d'elle," Heldt concludes (p. 7) that "Cette
difference de tailles tient plutot a une croissance plus rapide des femelles qu'a un
age moindre des males."
From Heldt's Graph 3, p. 8, it appears that there are 53 d' to 170 9 at total
lengths of 145 mm. or above, the maximum in males being 178 mm., in females 203
mm. Both the maximum sizes and the sex-ratio among the larger specimens thus
resemble those in P. aztecus, where females preponderate after the inception of sexual
activity at about 145 mm. ( = 30 mm. carapace length). But whereas in American
material of less than 145 mm. in length the two sexes are immature and are approx
imately equal in number, Heldt (p. 4, p. 7) considers that her entire material is adult
and can "peuvent devenir aptes a la reproduction" at the minimum sizes represented;
and finds that among her specimens of less than 145 mm. (the minimum length of
the males being 96 mm., of the females 107 mm.) there are 227 d' to 121 9. It is
such a preponderance among adults of males at the smaller sizes, which [together
with the indication in Heldt's Table I, p. 5, that the mean size of the females is
above that of the males (by an average of 15 mm., modally 10-20 mm.) in every
sample (over a range in mean length of females in the various samples from 125.4 to
188.4 mm.) ] would provide the best support of Heldt's conclusion that the relative
infrequency of males at the larger sizes is the result of less rapid growth rather than
of shorter life; since it seems not impossible that the "correspondence remarquable"
in shape of the length-frequency curves of the two sexes might be referable to the
effects in combination of the correlation suggested by Heldt's Table 1, p. 5, between
number of males and of females per sample (over a range in content of sample from
7 to 115 individuals) and that in size between males and females of each sample.
But unless the smaller specimens dealt with by Heldt are, as she believes, adult,
it would be necessary to show either that at sizes below that at which the females
become mature the greater abundance of males is commensurate with the number of
sexually active individuals included among them, or else that maturity occurs at a
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P. setiferus, where there does not appear to be quite so strikingly low a propor
tion of adult males as in P. aztecus, the males also attain a relatively greater
maximum and adult mean size than in the latter.
The largest off-shore females are nearly twice as long in carapace and nearly
three times as heavy as the inshore maximum. According to available material
from Louisiana, impregnation, and ripening of the ovary, occur only in depths
greater than 10 fathoms, first appearing at carapace lengths of about 30 mm.,
that is slightly (or not at all) above the inshore maximum. Since all females
taken at depths of 20 fathoms or more have attained sexual maturity (as indi
cated by the impregnation of all but one, ripeness of the ovary in many of all
sizes), it.may be argued that the range of size in these sexually mature females,
from 30 to 53 mm., can hardly represent individual variation in size at time of
maturation (although it is of course within possibility that, since impregnation
seems to have no close relation to imminence of spawning, those small impreg
nated females with unripe ovaries might not spawn for the first time until they
had attained much larger sizes). In any case, however, it can definitely be
stated that the inshore nursery of the species does not supply any females within
20 mm. of the maximum carapace length attained in the off-shore stock of the
same sex. If it is a permissible assumption that the time involved in an increase
in carapace length of the individual from 30 to 53 mm. is as great as that re
quired for development from metamorphosis to a carapace length of 30 mm.
(and this is certainly a conservative estimate, since the rate of linear growth
might reasonably be expected to diminish at the larger sizes, and with the as
sumption of egg-production on the scale characterizing the species), then it
would seem that the maximum length of life in females of P. aztecus is at least
double the period spent in inshore waters, probably much more.
Assuming that the females of maximum size first spawned at sizes little above
30 mm., it would seem that these individuals must have a lifetime including
more than one, perhaps several, spawnings. Non-histological examination of
the ovary (by sampling the section lying within the anterior part of the pleon)
reveals nothing at variance with this assumption. In the inshore females the
greater age in the males than in the females, before it could be thought certain that
the greater abundance of males than of females at a given small size is a consequence
of the greater age attained by the former before passing these dimensions. It is
therefore interesting to remark that in the single available sample of P. trisulcatus
(B. 0. C. 19, purchased in the market at Port Said by Mr. Richard Colestock in
March, 1932) which as it happens does not agree in sex ratio with that found by
Heldt among her smaller specimens [since it consists of 58 males (of maximum size
99 mm., minimum 76 mm.) and 76 females (of maximum size 104 mm., minimum
74 mm.)], all of the individuals (including those which approach or exceed the
minimum size in Heldt's material) seem very far from readiness for reproductive
activity, and the specimens indeed recall in sexual state those of P. aztecus of similar
size.
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ovary is small and compact, and its lobules are crammed with minute trans
parent cells. Among the 183 off-shore (depths > 20 fathoms) females exam
ined, the ovary is ripe in 45 [large; densely crammed with opaquely yolky,
yellow eggs of columnar structure which measured along the surface of the ovary
average in the various individuals from 4 to 5 to the millimetre (probably equal
to a somewhat smaller mean spherical diameter)]. In 82 off-shore specimens the
ovary is ripening, its cortex crammed with more or less heavily granular eggs
ranging in mean size from 5.5 down to about 10 per mm. In about 44 specimens,
the ovary is quite undeveloped; in most of these its lobules are subdivided into
more or less well-defined follicular pouches associated with very young ova;
rarely, the appearance is similar to that in inshore females where the follicular
appearance is not marked and the ova not well developed. Finally, the ovarian
condition of 12 of the specimens differs from that in the others which seem to
form a simple series of ripening stages. In 9 of these 12, the lobules of the ovary
are subdivided into well-defined thick-walled follicular pouches, but there are no
clearly-differentiated young eggs. In 2 of these 9, some few large ripe eggs with
columnar cortex are present among the thick-walled follicular pouches; and it
would therefore seem possible that in these specimens the ovary has recently
been (not quite completely) emptied. In the remaining 3 of the 12 specimens,
the follicles are associated with more or less well-developed young ova, but a
few large, ripe, yolk-laden eggs are also present; these might simply be cells
which have outstripped their neighbors in development, but it would seem
possible that they are eggs not discharged at a previous spawning, as in the 2
specimens with some ripe eggs among the empty follicular pouches. If this in
terpretation is correct, it would appear that, as suggested by other evidence,
spawning in Penaeus aztecus is followed by redevelopment of the ovary toward
another spawning.
According to the frequencies of spawned-out, undeveloped, ripening, and ripe
ovaries in the March and April off-shore catches of P. aztecus, the spawning
season of this species in the Gulf of Mexico would seem at best ill-defined; and in
conformity with this conjecture, notes made in 1930 indicate that females of
carapace 40-45 mm. taken at 16 fathoms in August and at 12 fathoms in Decem
ber had well-developed ovaries. Among the March and April off-shore speci
mens there is some indication that ovarian condition may vary somewhat less in
individuals from the same haul than it does from haul to haul; no other correla
tion, as with size or with depth of capture, is apparent. The very curious fact,
that all available spent females are impregnated, would seem to indicate that
this appearance of the ovary must persist for a time at least sufficient for molting,
mating and hardening of the new skin. One soft-shelled and newly impregnated
spent female was noted, but the number of spent individuals was insufficient to
indicate whether a larger proportion of soft-shells than in the general population
occurs, as would seem required if the immediate reimpregnation of spawned
females is customary.
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In general, the spermatophores give the appearance of having been most re
cently acquired in soft- or paper-shelled individuals, in which conspicuous rags
of sperm-free material (presumably the partial equivalents of the sturdy "wings"
in P. japonicus and P. trisulcatus) protrude around the meeting of the lateral
with the median plates of the thelycum; and in which the floor or dorsal wall of
the receptacle seems not yet to have sunk in sufficiently for easy accommoda
tion of the spermatophores. As spermatophores are present in all but one of the
females from depths greater than twenty fathoms, whether ripe or unripe; and
inasmuch as the state of the ovaries in soft-shelled females indicates that molting
may occur between spawnings, it would seem that copulation in P. aztecus takes
place immediately after the molt in adult females, whether or not these are likely
to spawn before the succeeding molt. That this is probably the case is indicated
by a female of P. brasiliensis with unripe ovary 24 mm. in carapace length, in
the collection of the Department of Tropical Research, New York Zoological
Society. This specimen, taken in shallow water in Bermuda by Dr. Beebe,
molted in an aquarium; its shed skin bears spermatophores in the sperm recep
tacle, the isolated soft-shelled animal being of course unimpregnated.
It is interesting to observe that in the course of semi-monthly trawlings ex
tending throughout 1932 in a series of localities in Delaware Bay and off the
Atlantic coast of southern New Jersey in depths up to 10 fathoms (made by the
U. S. Bureau of Fisheries in cooperation with the Bingham Oceanographic
Laboratory, under the direction of Professor A. E. Parr), Penaeus aztecus first
appeared at the end of August at a minimum carapace length of 17 mm. in
females, 13 mm. in males, and disappeared completely at the end of October
when the minimum sizes obtained were 21 mm. in females, 23 mm. in males.
The maximum size obtained was 34.5 mm. in females, 28 mm. in males, in
September and October; the August maxima were 28 mm. in females, 22.5 mm.
in males. Two of the females, of 32 mm. and 34 mm., taken in September and
October, were impregnated although their ovaries presented the usual unde
veloped appearance. Inasmuch as Mysid, Crangonid, and Palaemonid shrimp
of sizes much smaller than the minimum of P. aztecus in New Jersey were reg
ularly obtained in the trawlings, it appears probable that the young Penaeus
had spent their earlier life in other localities than those in which they appeared in
August; that these localities may have been some distance away is indicated by
the fact that the New Jersey waters had reached temperatures (64°-74° F.)
higher than those of October in June, two months before the appearance of
Penaeus. At the same time, topographic and hydrographic conditions on the
continental shelf off New Jersey make it seem unlikely that Penaeus aztecus from
this area can spend the winter in neighboring deeper water. Inasmuch as fishes
of the Middle Atlantic coast are known to retire southward with the approach
of winter, and to move northward again in summer (Parr, 1933), it would seem
possible that in Penaeus aztecus on the Middle Atlantic coast there is a northward
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dispersal of juveniles and subadults from more southern areas of spawning and
metamorphosis, possibly followed by a successful return of the maturing indi
viduals. Although data are almost lacking, it seems probable that sexually
active adults of Penaeus aztecus occupy a range deeper than that of the immature,
on the Atlantic as well as on the Gulf coast.
Although very little evidence is available, the absence of individuals of P.
duorarum of maximum size from shallow-water collections, together with the
fact that the available individuals of maximum size were taken in depths greater
than 10 fathoms, seems to indicate that this species also may retire permanently
to deeper water after a littoral youth.
Postmysis larvae of the Division in the sicyonine stage, elongate and transpar
ent free-swimming animals with a red ventral stripe (of structure rather similar
to but reaching a size nearly twice that of the same stage in Penaeus setiferus;
of a size and general type somewhat similar to that of postmysis larvae figured
by Kemp, 1913, fig. 36a, for"Penaeus carinatus," and by Gurney, 1926, fig. 57,
as of"Penaeopsis sp.") are frequently encountered at the surface of the American
seas remote from shore; as well as in shallow brackish pools far inland (e.g. , on
James Island, S. C., April 22, 1935, found with the aid of Mr. G. R. Lunz, Jr.,
of the Charleston Museum). Oceanic and littoral postmysis larvae have been
determined to be of "P. brasiliensis" auct. by rearing, -aboard "Atlantis" in
1935, and instars up to recognizable juveniles occur with the sicyonine stages in
inland pools; but the postmysis larvae have not yet been distinguished as re
gards the species now recognized. Whether larvae of P. duorarum can meta
morphose to juvenile in the brackish waters, or whether those of P. aztecus can
long survive far off-shore, can therefore not be stated at present, but it would
not be surprising to discover as great a divergence between the species in larval
habitat as in adult distribution. That the postmysis larvae of whatever species
found on the high seas can successfully metamorphose without drifting to the
coast seems unlikely, since no juveniles of P. aztecus or of P. duorarum were en
countered even in the moderate depths tolerable to the adults [juveniles of P.
duorarum have been recorded by Faxon, 1896, p. 162 (as "P. brasiliensis") off
the Tortugas in "955 fathoms," but it seems quite possible that these may have
been individuals derived from the nearby banks and swimming near the surface
(a common habit in juveniles and subadults of the group, cf. Wheeler, 1937)
when captured]. Mysis and especially premysis stages of P. "brasiliensis" are
very infrequently encountered in surface or shallow-water hauls by comparison
with the postmysis stages, and the eggs are completely unknown; consequently
it seems quite possible that the eggs of American members of the Division occur
on or near to bottom in 20 fathoms and more,1 the later larvae only normally
reaching the upper layers or the littoral and estuarine waters.
1
According to a letter from Dr. W. J. Dakin of the University of Sydney, his search
for the early stages of Penaeus plebejus, an Australian member of Division II, has
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yielded results comparable with the above as regards the preponderance of post
mysis stages in the upper layers, and the lack of eggs; and he agrees that the floating
eggs and nauplii which be reported in 1935, p. 24, may be referable to some other
genus than Penaeus.
Pearson, 1935, p. 172, bas announced the discovery of nauplius-containing eggs
.38-.42 mm. in diameter, floating at the surface in water about 5 fathoms deep off
Georgia; he considers these "most probably" to be of Penaeus setiferus (a member
of Division I), but this identification seems open to question.
The results of oviposition by specimens certainly referable to Penaeus in the current
usage of this name have twice been recorded: According to the abstract of a paper by
Huzinaga, 1935, the pale yellow eggs of an lndo-Pacific species of Division II,
Penaeus japonicus Bate, .25 to .30 mm. in diameter, are demersal. According to
Heldt, 1931, p. 1039, the eggs of the Mediterranean member of the Division, Penaeu.s
trisulcatus Leach, evidently remain in suspension for a time only after spawning in
aquaria, "ne tombant sur le fond qu'au bout de plusiers beures." It may be re
marked, as regards the floating or sinking of eggs in vitro, that their specific gravity
may be critically related to that of the water column in the normal spawning area
(cf. Jacobsen and Johansen, 1908; and also Mortensen, 1897, pp. 330-31); the ob
servations cited accordingly do not prove that the eggs of these species of Penaeus
may not occur at the surface, but they do suggest this possibility. It is interesting to
note that Heldt finds the ripe ovarian eggs of P. trisulcatus to range in color from
whitish yellow to clear olive-green (a color not seen in P. aztecus). The ovarian eggs
measure .25-.31 by .22-.27 mm. (evidently only very little larger than the maximum
observed in P. aztecus); it is stated that the egg-membrane swells considerably on
contact with seawater but the dimensions of the free egg are, unfortunately, not
given.
It seems remotely possible that a further record of the spawning of Penaeus
trisulcatus in captivity is supplied by Monticelli and LoBianco, 1901a, who state
that the eggs of "Penaeus membranaceus" are similar to those of Eusicyonia but
smaller and of a yellowish-gray color, and are not found in the plankton. The name
"Penaeus membranaceus" would properly refer to Parapenaeus longirostris (since the
authors concerned employ the name "Solenocera siphonoceros" for the other peneid
to which the specific name membranaceus has been applied); but since the ovarian
eggs of Parapenaeus, both in the Gulf of Mexico and in the Mediterranean (Heldt,
1932, p. 4) are bright greenish-blue in color, and since the Parapenaeus is a rather
delicate species living at considerable depths and consequently difficult to obtain
alive, some doubt as to whether :Monticelli and LoBianco may not have erroneously
employed this specific name for the true Mediterranean Penaeus is perhaps per
missible.
Aside from the above reports, eggs referred to Penaeus are unknown. Those of
some other genera have been otained not only in captivity but from the plankton;
thus Monticelli and LoBianco, 1900, p. 23, find the eggs of "Sicyonia sculpta"
[ = Eusicyonia carinata Olivi] to be deposited on the sand but to be readily swept up
by currents into the plankton; size is not given, but it is stated that the egg membrane
swells considerably on contact with the sea-water; color is said to be dark green.
According to the same authors, 1901b, the red-brown segmenting eggs of "Solenocera
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PARAPENAEUS Smith
In a recent paper Ramadan (1938, p. 73) reports his inability to detect in
members of the genus the pair of minute mobile spinules which is stated to occur
on the telson [of the genotype] by Burkenroad (1934a, p. 107; 1934b, p. 9). As
the spinules are in fact rather difficult to find, some drawings (figures 35, 36) are
herewith given. Although the spinules are sometimes absent in P. longirostris
(particularly in the largest individuals), the pair of small pits from which they
originate often remains perceptible. Similar spines frequently occur in the three
Indo-Pacific species of the genus available to me; usually not in the largest
specimens, but nearly as often as not in adults of small to moderate size.
Parapenaeus longirostris (Lucas)
P. longirostris, Sund, 1920, p. 32; Stephensen, 1923, p. 18, part [adult]; Heldt,
1930, p. 3; 1932, p. 12; Burkenroad, 1934, p. 108; Karlovac, 1936, p. 60.
Funchalia woodwardii ?, part [larva], Stephensen, 1923, p. 26.
MATERIAL:

653 d', 786 9. B. 0. C. 279 to 293. "Atlantis" St. 2814, 2819. 2822, 2840, 2853 No. 2, 3, 4,
5, 6, 7, 10, 11, 12, 13, 14; March 21-April 10, 1937. 18-102 fathoms.
1 9. B. 0. C. 278. "Atlantis" St. 2381; 28° 35' N., 89° 46' W.; March 26, 1935. 96-110
fathoms.
1 !;!. · B. 0. C. 277. "Atlantis" St. 2400; 27° 37' N., 95° 50' W.; March 31, 1935. 120-180
fathoms.

In the catches here reported upon (which however exclude the larval and most
of the early juvenile material taken in the one-foot stramin net), the maximum
carapace length of the males is 13.5 mm., the minimum 4.5 mm.; of the females,
24 mm. (total length 104 mm.) and 5.5 mm. The smallest male with joined
petasmata was of carapace 7.5 mm.; the usual minimum for this condition was
8.5 mm.
siphonoceros" [= S. membrenacea Philippi], .32 mm. in diameter, are found floating
in midwater. Gurney, 1926, p. 233, has described nauplius-containing planktonic
eggs .32-.41 mm. in diameter from the lakes of the Suez Canal, together with
larvae of several stages, which he is inclined to assign to Metapenaeus stebbingi
Nobili; the larval series would at any rate seem not to have Penaeus as a parent.
The eggs of Acetes japonicus (unlike those of Lucifer which are attached to the third
legs of the female) are free-floating, according to the abstract of a paper by Soesima,
1926; as are the greenish-gray eggs of Sergestes lucens according to the citation by
Gordon, 1935, p. 313, from Nakazawa, 1916.
On the whole, it appears likely that the eggs of the genus Penaeus s. str. occur
in nature near or on the bottom where their discovery would be a difficult matter;
since although members of this genus are by far the most abundant of the littoral
peneids, ova at all reliably referred to them have so far only been obtained in vitro, in
contrast to the planktonic catches of eggs reported for Solenocera, Metapenaeus,
Eusicyonia, Acetes, and Sergestes.
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REMARKS: Parapenaeus longirostris is by far the most numerous species in th e
area investigated by "Atlantis"; and even considering the whole of the area
available in the neighborhood of the Mississippi, from the brackish inside shores
to or beyond the edge of the continental shelf, its numbers are probably of the
same order of magnitude at least as those of Penaeus setiferus. But the largest
catch of Parapenaeus (611 specimens, at St. 2853 No. 12, 30 fathoms), approxi
mately equal in number of individuals to the largest catch of Penaeus setiferus
(at St. 2839, 12.5 fathoms), amounts in volume only to about 1 1/3 quarts, as
compared with 10 gallons of the Penaeus.

···.·::: :: :··. ·:· :·:·:··· ............. .. . -'
·.:.:-.:..:....· :.. : ,. .:... :•.: ·.-:.:-_�:.:..:.:.: �-.::-:.::.: ·.: :.-.
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35
Figures 35-36

Parapenaeus longirostris (Lucas): 35. Telson (dorsal view, showing diagrammatically
the position of the minute pits which frequently bear mobile spinules). 36. Telson (dorso
lateral view of right margin of the middle part, showing a mobile spinule of exceptional
development although with broken tip): 9 of car. 19.5 mm. (Mediterranean, Un. Zool. Mus.
Copenhagen), X 29. Length of 1 mm. indicated at each drawing.

In the Eastern Atlantic and the Mediterranean, a species of Parapenaeus
systematically indistinguishable from that in the American North Atlantic, the
Caribbean, and the Gulf of Mexico supports an important fishery. The species
seems· to have a range in Mediterranean waters (20-250 fathoms) not very
different from that in the Gulf of Mexico; and the Mediterranean commercial
fishery is conducted in about 75 fathoms (Heldt, 1930, p. 6), not much deeper
than the level of great abundance in the Gulf. The European stock, however,
reaches a total length of 165 mm. (Karlovac, 1936, p. 60), as compared with the
recorded maximum of only 104 mm. for the west; and since the lack of American
records of large individuals at any depth (together with the maturity of the small
specimens available), and especially since the relation of rostral to total length
in the 70-100 mm. individuals of the "Atlantis" catches [which is equivalent to
that shown by Heldt (1932, p. 16) in Tunisian specimens of 120-150 mm.] in
dicate the western material at present available to include the maximum size in
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the population, it seems unlikely that the American stock is of any commercial
value.
Analysis of the fifteen 1937 catches of juveniles and adults of Parapenaeus
longirostris gives the following results: Five of seven catches between 45 and 103
fathoms were of more than 100 individuals; only one of eight catches in 18-45
fathoms was of this order of magnitude (although the one large catch at 30
fathoms far exceeded any other obtained). Between 45 and 103 fathoms, 292
males and 368 females were taken as compared with 394 males to 280 females in
18-45 fathoms; or expressed in another'manner, in all of the four hauls at 60-100
fathoms there were fewer males than females, in all four at 18-30 fathoms there
were more males than females. Maximum sizes of the males in hauls at more
than 45 fathoms ranged from 11 mm. to 13.5 mm.; of females from 16 mm. to
24 mm.; in comparison, maximum sizes of males in hauls at 45 fathoms or less
ranged from 6.5 mm. to 12.3 mm., of females from 7.5 mm. to 15 mm. The
small catch at 100 fathoms included not only the largest females but propor
tionately the fewest males. From these figures, it would seem that a differential
with increasing depth of capture in favor of the female sex and the larger size,
such as has been indicated on preceding pages also to obtain in Penaeus aztecus
(where the smaller individuals are massed in the inner littoral zone beyond the
range of Parapenaeus) occurs in the present species.
Since many of the females of Parapenaeus had well developed, bright greenish
blue ovaries, and since larvae and post-larvae were abundant, it would appear
that spawning must have begun at an indefinite time before the season of
investigation and must continue for an indefinite period beyond it.
TRACHYPENEUS Alcock
Trachypeneus sim.ilis (Smith)
T. similis, Burkenroad, 1934a, p. 102; 1934b, pp. 50, 51; Schmitt, 1935, p. 131.
:t;;, ....N .,.-, °?')
i) i). . ;;..,
MATERIAL:

I !$ ;t 10

,�:-;.::/"

___ 1
i,5 r3', 37 !;l. B. o. o. 335 to 345. "Atlantis" st. 2828, 28!0, 2838, 2840, 2853 No. 2, 3, 4, 6,
1ro3!, �- March 23-April 10, 1937. 12 to 48 fathoms.
1 ii y-7?3 r3', 429. B. 0. 0. 346 to 348, Pensacola Bay, Florida; March 11, March 13, March 16,
1935. 5 fathoms.
"'--./50,s
_,\
l· q')
\
,,;a·l.lDJ--3 !;l. B. 0. 0. 58. Pensacola Bay, Florida; February 22-26, 1932.
1'1)--2 r3', 6 !;l. B. 0. 0. 59. Pensacola Bay, Florida; March, 1932.

Males with joined petasmata, carapace length 7 mm. to 13.8 mm.; juveniles
(Pensacola Bay) of 5.5 mm. and 7 mm. Females of carapace 8.5 mm. to 23.5
mm. The smallest impregnated female obtained has a carapace of 11 mm. In
the catches from Pensacola in 1935, little more than one-fourth of the females
are impregnated, and unimpregnated specimens occur throughout the total
range of sizes. In the Gulf catches made in 1937, a week to a month later in the
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year, nearly two-thirds of the females are impregnated, and the unimpregnated
specimens are limited to the lower half of the range of sizes.
REMARKS: It is interesting to note that five hauls in Pensacola Bay yielded a
total of 76 specimens of T. similis but none of T. constrictus; whereas two hauls
in the open Gulf east of 88 ° 10' W. (one just outside of Pensacola Bay, the other
off Mobile) yielded 16 specimens of Trachypeneus constrictus, none of T. similis.
The frequent presence of T. similis in the open Gulf west of 88 ° 10' W. and the
apparent rarity there of T. constrictus is therefore rather suggestive of a response
to the lowering of salinity toward the west. It is extremely difficult, however,
to refer the differences and similarities in distribution of T. similis and T. con
strictus over their entire geographical range (T. constrictus alone on the Atlantic
coast of the United States and in Bermuda; T. similis alone in the Gulf of Paria;
both species in Puerto Rico) to differences in the salinity and temperature of the
various regions. A more detailed knowledge of the local conditions of capture
than is entered in the literature might remove some of the apparent inconsist
encies; but on the other hand it is possible that the distribution of the two
species is governed by other factors than those mentioned (thus, T. similis
might be a creature primarily of muddy, T. constrictus of sandy bottoms).
Trachypeneus constrictus (Stimpson)

T. constrictus, Burkenroad, 1934a, p. 102; 1934b, p. 5, 5; Schmitt, 1935, p. 131.
MATERIAL:

2 ,3', 4 !i!.
2 r:J', 8 !i!.

B. 0. C. 332.
B. 0. C. 333.

"Atlantis" St. 2813; March 20, 1937. 19 fathoms.
Gulf of Mexico off Pensacola; March 23, 1935. 5 fathoms.

Males from 19 fathoms have carapace lengths of 13 mm. and 13.5 mm.; fe
males of 16.8 mm. to 18 mm. Males from 5 fathoms have carapace lengths of
10 mm. and 10.5 mm., females of 12 mm. to 17 mm. Petasmata are coupled in
all males. All females from 19 fathoms are impregnated; five of those from 5
fathoms are unimpregnated.
REMARKS: The possible difference in color between T. similis and T. constric
tus noted by Burkenroad, 1934a, p. 102, can now be confirmed; T. similis is con
spicuously marked with orange and red, T. constrictus with lavender and
chocolate.
XIPBOPENEUS S. T. Smith
Xiphopeneus kroyeri (Heller)

X. kroyeri, Burkenroad, 1934a, p. 103; Schmitt, 1935, p. 132.
1

MATERIAL:

o', 6

!i! adult.

B. 0. C. 294. "Atlantis" St. 2853; April 9, 1937. 16-24 fathoms.

Male of carapace length 20 mm.; females of 20.5 mm ..to 24 mm.
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EUSICYONIA Stebbing
Eusicyonia brevirostris (Stimpson)

E. brevirostris, Burkenroad, 1934b, p. 84.
MATERIAL:
8 ,3', 8 9. B. 0. C. 296. "Atlantis" St. 2913; March 20, 1937. 19 fathoms.
:oo9' )-1 !;l. B. 0. C. 297. "Atlantis" St. 2840; March 25, 1937; 30 fathoms.
(,.,.. -so1:i)-1 ,3', B. 0. C. 295. Louisiana. Mr. P. P. Viosca, Jr.

Largest female, carapace length 37.5 mm., total 98 mm.; smallest, of carapace
11.5 mm. Male from "Louisiana," carapace 19 mm. The six adult males from
St. 2813 range from 9 mm. to 16 mm.; the two juveniles from the same station,
with unjoined petasmal endopods, have a carapace of 7 mm.
REMARKS: The species has not previously been recorded from the northern
Gulf of Mexico.
In form of rostrum and position of dorsal carapacic teeth the present series
displays the full range of variation which has been previously observed in the
species.
The color in life of E. brevirostris is as follows: Dorsum brown; sides white;
belly pink. In detail, the ventral edge of the carapace, and the antenna! scales,
pleopods and inner ventral edge of uropods are rose red. The telson, inner
dorsal edge of uropods, pleonic sternites and middle of sides of pleon(between
the dorsal brown and ventral white) are washed with pink. The dorsal teeth of
the carapace, the posterior end of the dorsal ridge of each pleonic somite, and
the sides of carapace and pleon are white. The dorsal ridges of carapace and
pleon are chiefly mahogany, the dorsum otherwise olive-brown. The legs are
banded with violet or red and white; the antenna! flagella are basally mauve,
deep lake in the middle, white at tip.
Eusicyonia stimpsoni [A. Milne-Edwards MS] (Bouvier)

E. stimpsoni, Burkenroad, 1934a, p. 121.
Sicyonia dorsalis, Rathbun, 1901, p. 103, part(?).
Eusicyonia edwardsii, Schmitt, 1935, fig. 6.
MATERIAL:

=·

1 !;l, carapace length 5.6
B. 0. C. 334. "Atlantis" St. 2814; March 21, 1937.
fathoms; 1-foot net on trawl-wing.
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REMARKS: The present is the first certain record of the species from the
northern Gulf of Mexico, but it is quite probable that part or all of the material
of "Sicyonia dorsalis" recorded by Rathbun, 1901, from "Albatross" stations
2403-2405, off Appalachicola, western Florida, in 30-88 fathoms (as well as
various of the specimens from other localities attributed by the same_author to
the same name) refers to E. stimpsoni.

58

Bulletin of the Bingham Oceanographic Collection

[VI: 6

Comparison of the present badly battered individual with the paratypes
(M. C. Z. No. 7225) from the Barbados, a male of carapace 7.3 mm. and two
, females of 6.8 and 8.6 mm. very kindly loaned by Dr. F. A. Chace of the Museum
of Comparative Zoology, reveals no very great differences. The rostrum is
shorter and not so strongly elevated in the present specimen and is distally de
curved; the lateral ridge of the rostrum is not quite so close to the inferior margin
and is concave ventrally; the ventral rostral tooth is not placed so far behind the
two dorsal elements of the tip. In these features the present specimen thus
makes some approach to its Pacific American congener E. picta (Faxon) (Burken
road, 1938a), a form certainly very closely allied to the Atlantic one. As in the
Barbados paratypes, however, the surface of the pleon of the present specimen is
tuberculate; whereas it is smooth in Pacific specimens.
Eusicyonia. dorsa.lis (Kingsley)

E. dorsalis, Burkenroad, 1934a, p. 121; auct., part (?).
NOT Sicyonia dorsalis, Verrill, 1922, p. 49.
MATERIAL:
(YPM : S'ollo )--- 1 9, carapace length 12.5 mm.

B. O. 0. ll99.

Louisiana.

Mr. P. P. Viosca, Jr.

REMARKS: The present specimen is the fifth one definitely known to be of this
species. The type, from the Tortugas, is the only critically identified specimen
so far known from other regions than Louisiana. Material from shallow water
in Bermuda, referred to E. dorsalis by previous workers, actually represents a
{�Pl'\: S'o8, )---distinct species (to be described in a forthcoming paper) nearly resembling E.
dorsalis in the bifurcation of the distoventral projection of its petasma, but with
quite different pleonic sculpture. E. dorsalis seems to occur at lesser depths
than does the species, E. stimpsoni with which it has very commonly been con
fused.
The present specimen makes some approach to its Pacific congener E. dis
dorsalis Burkenroad (1934b, p. 96) in that the ventral tooth of the rostrum is
well developed, the postero-ventral angle of the pleura of the second pleonic
somite is not sharply defined, and the telson bears no trace of lateral armature.
The pleon is however tuberculate, the ventral margin of the pleura of the third
pleonic somite conspicuously convex, and the anterior tooth of the carapace is
placed nearly half as far from the posteriormost rostral tooth as from the
posterior tooth of the carapace, and about 15% of the carapace length behind
the orbit.
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